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Biological Control of the European Corn Borer ^ 
in the United States^ 

By W. A. Baker, W. G. Bradley, and C. A. Clark,^ entomologists, Division 
of Cereal and Forage Insect Investigations, Bureau of Entomology and 
Plant Quarantine, Agricultural Research Administration‘s 



INTRODUCTION 

T he EUROPEAN CORN BORER (Pyrausta nubilalis (Hbn.) ), a pest 
of foreign origin, was first discovered in the United States in 
the summer of 1917. Losses of field and sweet corn due to this 
insect in large areas or in severely infested single fields in Canada 
and the United States establish this corn pest as one of the most 
destructive and threatening ones that have invaded this country. 
In view of the comparatively low per-acre value of the large fields 
of corn exposed to borer attack and the lack of inexpensive con- 
trol methods, the possible utilization of biological means, includ- 
ing parasites, predators, and diseases, has been given considerable 
attention by the Department of Agriculture in its control pro- 
gram. The great increase in dispersion and abundance of the 
borer since 1942 has resulted in a demand by State and Federal 
workers for all available information on its natural enemies and 
their possible utilization. This bulletin presents information 
covering investigations conducted during the period 1919-40. 

The early history of the program conducted by the Bureau of 
Entomology and Plant Quarantine for the introduction of foreign 

s Pyrausta nubilalis (Hbn.); order Lepidoptera; family Pyralidae; sub- 
family Pyraustinae. 

^ Submitted for publication March 10, 1949. 

^ Resigned August 1946. 

^ The following personnel contributed to the investigations reported herein : 
K. A. Bartlett, E. W. Beck, R. A. Biron, G. T. Bottger, E. D. Burgess, S. W. 
Carter, J. Coveney, C. A. Crooks, S. Dohanian, R. Ellis, R. T. Everly, D. W. 
Jones, L. G. Jones, R. Mathes, M. T. Myers, N. J. Nerney, A. M. Vance, and 
R. J. Webb. Assistance on the taxonomic phases of the work was given by 
C. F. W. Muesebeck. W. F. Sellers and D. G. Hall gave advice relative tc 
the systematic position of certain species. 
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parasites of the European corn borer has been described by 
various writers. The more general phases of the work in Europe 
were presented by Thompson and Parker {3 A, 35).^ Numerous 
papers treating specific species published by Thompson and 
Thompson {36, 37), H. L. Parker (24, 25), Parker and Smith 
{26), Vance {39, AO, ^1), and Smith {32) were concerned prin- 
cipally with the general status of the various species in Europe, 
in conjunction with their morphology and laboratory biology. 
Cartwright’s {10) discussion of the initial work in the Orient 
has been supplemented by Clark {11), following the completion 
of the Bureau’s corn borer work in the Orient, thereby providing 
a comprehensive summary of that portion of the parasite pro- 
gram. Jones {17, 18) has presented brief accounts of the para- 
site investigations in the United States, and these reports have 
been supplemented by papers pertaining to certain phases of the 
domestic program, including laboratory and field studies of 
Exeristes rohorator (F.) (Baker and Jones 2), Microgaster tibi- 
alis Nees (Baker and Arbuthnot 1), Campoplex alkae (Ell. and 
Sacht.) (Baker and Arbuthnot 1 ) , and the laboratory biology of 
Zaleptopygus flavo-orbitalis (Cam.) (Bradley and Burgess 8). 
Since the appearance of these publications, the progress of the 
several parasites after their release in widely contrasting en- 
vironments within the corn borer infested regions of the United 
States has been observed. 



Italic numbers in parentheses refer to Literature Cited, p. 183. 
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SYNONYMY 



Certain corn borer parasites have been referred to in the lit- 
erature under specific names other than those used in this bul- 
letin. In order to obviate confusion in identity, the terminology 
used by the present writers and the names used for the same 
species in other publications, are shown in the following tabu- 
lation. 



Terminology used in this Terminology used in previous 

bulletin references 

Diptera : 

Larvaevoridae : 

Aplomya caesar (Aid.) Zenillia caesar Aid. 

Aplomya mitis (Meig.) Exorista mitis Meig. 

Exorista nigripalpis Towns. 
Zenillia mitis Meig. 

Lydella stabulans var. grisescens 

R. D. Masicera senilis Rond. 

Masicera senilis Auct. 

Lydella grisescens R. D. 
Ceromasia lepida (Meig.) 



Pseudoperichaeta roseanae 

(B. & B.) Zenillia roseanae (B. &. B.) 

Hymenoptera : 

Braconidae : 

Apanteles thompsoni Lyle Apanteles sp. (Europe) 

Chelonus annulipes Wesm. Chelonus inanitus Thomson 

Chelonus sp. 

Macrocentrus gifuensis Ashm. Macrocentrus abdominalis F. 

Microbracon brevicornis Wesm. Habrobracon brevicornis Wesm. 

Eulophidae: 

Eulophus viridulus Thoms. Hemiptarsenus unguicellus (Zett.) 

Ichneumonidae: 

Campoplex multicinctus Grav. Campoplex rothii Holmgr. 

Campoplex pyraustae Smith Campoplex lugubrinus Holmgr. 

Campoplex n. sp. 

Zaleptopygus flavo-orbitalis 

(Cameron) Cremastus hymeniae Viereck 

Cremastus flavo-orbitalis (Cameron) 

Campoplex alkae (Ell. & Sacht.) Eulimneria crassifemur Thomson 

Eidimneria alkae (Ell. & Sacht.) 

Horogenes punctorius (Roman) Angitia punctoria Roman 

Dioctes punctoria 
Inareolata punctoria (Roman) 
Phaeogenes nigridens Wesm. Phaeo genes planifrons Wesm. 



IMPORTATIONS 



Following tne period 1919-27, covered by Jones (15), parasite 
material was imported from Europe almost every year through 
1937. After the first trial shipments in 1927, parasite material 
from the Orient was obtained yearly through 1936. 

Most of the parasites were received as immature larvae within 
the living host larvae. Nearly all importations were made during 
the winter while the parasites were in hibernation. The total 
numbers of corn borer larvae forwarded to the United States 
from Europe and the Orient from 1920 through 1938 to supply 
parasites for colonization are shown in table 1. Host larvae 
obtained from all foreign sources had reached a total of 26,867,608 
by the end of 1939. 
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Table 1. — Importations of European corn borer larvae to supply 
parasites for colonization in the United States, 1920-38 



Year 


From Europe 


From the Orient 




Number 

120,207 

176,258 

176,645 

0 

18,105 

1154,408 

1502.600 

11,500,000 

2.009.000 

1.272.600 
3,783,436 
4,461,975 

3,996,834 

3,494,972 

1.213.000 
1,141,393 

0 

85,280 


Number 


1P91 




^^99. 




^99.9. 




^9,9A 








^^9(\ 




1927 

1928 

1929 

1930 

1931 

1932 

1933 

1934 _ 

1935 

1936 
19.^7 


60 

255 

147,269 

425.000 

681.400 

1,337,475 

120.000 

122.400 
134,592 
102,444 


Total - 




23,796,713 


3,070,895 



^ U. S. Dept. Agr. Tech. Bui. 98. 



From Europe 

The yearly importations of all species of European corn borer 
parasites from Europe are listed in table 2. In the early ship- 
ments of larval hosts from Europe, corn pith was used as a trans- 
portation medium, but later folded paper was substitued for the 
corn pith. Wooden boxes were used as containers. The method 
next adopted, and used also for larval shipments from the Orient, 
consisted in putting 300-400 larvae in a metal can. Most of the 
cans used were made of brass, copper, or tin alloy, and were about 
5 inches deep and 3 inches in diameter, with metal-screen sides. 
To provide concealment for the larvae, each can contained a 
packet made of several strips of corrugated cardboard bound 
together, thus forming about 400 small tunnels in which the 
larvae could spin up. The cans were then placed in corrugated 
cardboard boxes and a number of these were packed for shipment 
in large wooden boxes. 

In the shipments from Europe made during the years 1925-38, 
the host larvae were in packets consisting of 14 to 16 strips of 
single-faced corrugated cardboard, each strip being approxi- 
mately % inch wide and 41/2 inches long, tied together with fine 
wire. A total of 150 packets was usually placed in a shipping 
box 24 by lll^ by 51/2 inches, inside measurements. The boxes 
were very tight and the covers were fastened on with screws. 
Some of them were lined with 30-mesh woven-wire cloth. No 
paper or other packing material was used. Each box contained 
an identification slip showing the number of host larvae, the 
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place and date of collection, and the name of the collector. In the 
years 1925-38 larval shipments were held in cold storage at 
approximately 40°-45'^ F. during the transoceanic trip. 

Very few changes were made in the methods of shipping para- 
sites imported after they had emerged from their hosts. No 
Diptera were imported other than as larvae within their hosts, 
except early in the study, when small numbers were brought in 
from Europe as puparia. Several species of Hymenoptera from 
both Europe and the Orient were imported in the cocoon stage. 
When handled in this stage the parasites were placed in pillboxes, 
which were packed tightly in wooden boxes. One lot of eulophid 
pupae from Europe was shipped in small glass vials plugged with 
cotton. The only other methods used to import corn borer para- 
sites from Europe were adopted in the importation of the pupal 
parasite Phaeogenes nigridens, and have been described fully by 
Smith (32). 



From the Orient 

Host larvae in the later shipments from the Orient (Japan, 
Korea, and Manchuria) were in packets made up of 15 strips of 
double-faced corrugated cardboard, each strip being 1 inch wide 
by 4% inches long and capable of holding 27 or 28 larvae. Each 
packet was held together by two No. 14 rubber bands, was im- 
pregnated with beeswax, and was placed in an individual metal 
can 4% inches high and 2% inches in diameter. Each can had 
two side openings, approximately 2 by 3 inches and covered with 
30-mesh woven- wire cloth. In addition to the packet of corru- 
gated cardboard, each can contained strips of newspaper, folded 
fanlike. Each can was placed in an individual corrugated-card- 
board box. These were in turn packed in corrugated-cardboard 
cartons, 30 boxes to each carton, and crated for shipment. 

Importations from the Orient did not reach the magnitude of 
those from Europe, because the Oriental species were introduced 
during a considerably shorter period and the total numbers im- 
ported were much smaller. The numbers of individuals of each 
parasite species imported yearly from the Orient are listed in 
table 3. 



From Miscellaneous Sources 

In 1936 and 1937, through cooperation with the Entomological 
Branch of the Canadian Department of Agriculture, 10,777 adults 
of the braconid Chelonus annulipes were imported for release in 
the United States. These importations consisted of individuals 
bred in the laboratory at Belleville, Ontario. 

In August 1931, 5,000 puparia of Paratheresia claripalpis V. d. 
W., a tachinid fly parasitic on the sugarcane borer, were diverted 
from a shipment of over 70,000 being imported from Peru for 
release on the sugarcane borer in the Southern States. From this 
material 1,163 adults became available and were liberated in 
Saugus, Mass. 




iTYipovtations of European corn borer parasites from Europ 
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Table 3. — Importations of European com borer parasites from the Orient ^ 
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DOMESTIC COLLECTIONS 

The first material from domestic sources, consisting of 11 adults 
of Horogenes punctorius and 163 of Lydella stabulans grisescens, 
was obtained through host-borer collections made in 1930 to deter- 
mine the status of parasites around release points in New Eng- 
land. These collections indicated that considerable numbers of 
certain species of exotic parasites were present in the vicinity 
of the older release points in Massachusetts, and that material 
might be obtained from this section for distribution in other parts 
of the infested area. 

In the summer of 1931 the first material was collected to deter- 
mine the feasibility of obtaining parasites from established colo- 
nies for release in noncolonized districts. After the ears had 
been harvested, the entire stalks from about 0.37 acre of sweet 
corn carrying the highest parasite concentration in the vicinity 
of Malden, Mass., were cut and stored in an improvised emergence 
loft. In the following two years the first-generation borers were 
obtained by cutting and storing only that part of the plant above 
the ear. Thus the borers could be placed in storage before any 
appreciable numbers of parasites had emerged in the field, and 
releases could be better synchronized with the presence of the host 
borers. In 1932 and 1933 second-generation borers were obtained 
by storing entire stalks of infested corn in the fall to supply para- 
sites for colonization in 1933 and 1934. 

Although it seemed probable that parasites could be supplied 
economically by the above method, one outstanding limitation was 
apparent. To synchronize the emergence of parasites with the 
occurrence of host borers in a suitable stage for parasitization, 
storage and emergence rooms in which temperature and moisture 
could be controlled, were needed. In the fall of 1935 the first 
attempt was made to remove the borers from their host plants 
and store them under conditions of controlled temperature and 
humidity. 

Records of the collections of corn borer larvae for obtaining 
parasites from domestic sources are summarized in table 4. 

A survey in the vicinity of the first liberation points north and 
west of Boston showed that parasitization of first-generation 
borers in 1929, 1931, and 1932 averaged 28.8, 28.9, and 24.0 per- 
cent, respectively. During the same years parasitization of the 
second-generation borers averaged 6.9, 9.9, and 15.2 percent, 
respectively. However, maximum parasitization in individual 
fields infested by second-generation borers was as high as that 
of first-generation borers in the same season. Considerable varia- 
tion was noted also in the parasitization of borers of like genera- 
tions in different years. 

Prior to the actual collection of host larvae, surveys were made 
to determine desirable fields from which borers should be taken. 
In earlier years the basis of choice was the number of exotic 
parasites in 100 stalks, the fields carrying the greatest concentra- 
tion being utilized first. After 1934, when selecting fields, the 
parasite species most desired for distribution was given first con- 
sideration. Table 5 presents data obtained in such precollection 
surveys. 
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To obtain borers for storage under controlled temperatiare and 
humidity conditions, the standing corn in the fields to be utilized 
was purchased, and the collection of parasite material was started 
usually about November 1. This date was selected because 
(1) the parasite-host relationship had reached equilibrium for 
the season; (2) borer activity was reduced to a low point, so that 
host-plant material could be handled with a minimum of migra- 
tion; and (3) seasonal observations on the field status of para- 
sites could be completed before domestic collections were started. 

Two men were employed in cutting the corn, a third in tying 
the stalks into bundles, and a fourth, with help, loaded, unloaded, 
and trucked the corn to the dissection place. From 20 to 30 men 
were employed in dissecting the corn and removing the corn borer 
larvae from the stalks. Since the field group could cut, tie, and 
truck the corn almost twice as fast as 25 men could dissect it, the 
field men became available at times to aid in removing the larvae 
from the corn. 



Table 4. — Collections of European corn borer larvae for obtain-- 
ing parasites from domestic sources 



Generation of host 
larvae 


Year of release 
of parasites 


Host larvae 
utilized 


Method of 
storage 


First 


1931 


Number 

(^) 


In host plants. 


Do 


1932 


327,924 


Do. 


Second 


1933 


543,432 


Do. 


First 


1933 


190,150 


Do. 


Second 


1934 


1,062,566 


Do. 


Do 


1936 


166,988 


In corrugated- 


Do 


1937 


191,265 


paper cores. 
Do. 


Do- 


1939 


3,000 


Do. 


Do 


1940 


20,068 


Isolated in 








individual 
glass vials. 



^All the borers that were present in about 0.37 acre of corn. (About 
40,000 borers.) 



A greenhouse 50 by 100 feet was utilized for the dissection 
work. The 20 to 30 cutters seated on boxes in a long row on one 
side of the greenhouse, with cornstalks piled in front of them, 
were able to remove approximately 500 larvae per day per man. 
Corn debris was tossed in a pile behind the cutters, whence it 
could be removed easily and burned. So far as possible, the avail- 
able corn was dissected in the order of its estimated value as a 
source of parasite material, that containing the largest number 
of the most important parasite being used first. 

The larvae were placed in light metal cans about 3 inches in 
diameter and 5 inches high, with a funnel soldered in the cover, 
and containing newspaper folded fanlike to prevent the larvae 
from injuring each other. These collecting cans were taken at 
intervals to a table, where the larvae were sorted. All dead or 
injured borers were removed and the healthy ones were counted 




Table 5. Infestation of host plants and parasitization of European corn borers, as estimated from precollec- 

tioTi suTveys foT doifiestic collectioTi, ecLstevTi Massachusetts , 1931— S 6 
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and allowed to spin up in packets made of strips of corrugated 
cardboard. Four hundred larvae were placed in each packet. 
The packets were boxed and shipped by express to the Moores- 
town, N. J., laboratory, where they were placed in cold storage. 

The number of healthy larvae actually obtained from the vari- 
ous fields was much less than the number of larvae estimated to 
be in the corn at the time of the precollection survey. The total 
loss from all causes amounted to 78.1 percent, most of which was 
probably due to normal reduction in the field caused by mortality 
and migration of the larvae, and by birds and other predators. 
However, additional losses occurred through injury during har- 
vest and dissection operations, and through migration of larvae 
during the transportation and handling of the cornstalks. Data 
on mortalities incident to shipment were obtained by sample 
counts made of the Massachusetts larvae when they were placed 
in cold storage at the Moorestown, N. J., laboratory. Most of 
the dead larvae found were outside the packets when the ship- 
ments were received. Many of them were either very small, 
immature individuals or mature larvae that had been injured 
in collection. In the fall of 1935 the mortality of larvae during 
shipment averaged 2.5 percent; in 1936, 3.3 percent. 



Table 6.— Numbers of European corn borer parasites obtained 
from domestic collections of borers 



Year 


Horo- 

genes 

punc- 

torius 


Lydella 

stabulans 

grisescens 


Phae- 

ogenes 

nigridens 


Pseudo- 

peri- 

chaeta 

roseanae 


Macro- 

centrus 

gifuensis 


Total 


19.qn 


11 

2,225 

7,909 

8,068 

5,000 

14,871 

10,149 


163 

1,144 

1,637 

1,272 

1,411 

6,175 

2,239 








174 

3,369 

11,942 

9,639 

6,411 

21,046 

12,388 

2,177 

78,815 


19 S 1 








1 9.^9 


156 

66 


2,240 

233 




1 9.^.^ 




19.^4 




19.qfi 








ic).q7 














2,177 

78,815 


1P40 










Total- 










48,233 


14,041 


222 


2,473 


80,992 


145,961 



Data on the number of parasites obtained for release in the 
United States from domestic collections of borers in the vicinity 
of the older release points in eastern Massachusetts are presented 
in table 6. 

In addition to domestic collection of borers to obtain parasites 
for colonization, small numbers of Horogenes punctorius and 
Macrocentrus gifuensis adults were reared from borers collected 
in 1939 and 1940 to determine the current status of parasites. 

LABORATORY BREEDING 

The principal source of parasites for colonization in the United 
States was in the laboratory; however, only five species were 
obtained by this means, and 90 percent of the total number of 
adults were Microbracon brevicornis. The breeding work with 
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M. brevicornis and Exeristes roborator in the Eastern States was 
completed in 1926 and was started at Monroe, Mich., in the spring 
of 1927. All the adults reared at Monroe were released in the 
Lake States area in 1931. Details of the technique employed in 
rearing these two parasites are given by Jones {18) and Baker 

andJones(^). . 

Chelonus annulipes, the egg-larval parasite from Europe, was 
the third parasite to be bred successfully in the laboratory. Start- 
ing in 1929, adults were produced each year through 1933, utiliz- 



Table 7. — Numbers of European corn borer parasites obtained by 
breeding in laboratories in the United States 



Year 


Apan- 

teles 

thomp- 

soni 


Chelonus 

annu- 

lipes 


1Q9.9. 






1923 






1924 






1925 






1926 






1997 






1Q2« 


5 




1929 




221 


1930 




2,016 


1931 




4,272 


19-22 




741 


19-2-2 




1,342 


1928 




133,424 


1939 




75,818 


Total— 


5 


217,834 



Exeristes 

roborator 


Micro- 

hracon 

brevi- 

cornis 


Micro- 

gaster 

tibialis 


Total 




1,054,000 

2,714 

50,550 

156,370 

65,584 

239,063 

582,287 

354,087 

279,824 

9,691 




1,054,000 

31,649 

71,704 

178,803 

113,991 

292,698 

644.496 
400,749 
316,182 

14,922 

741 

1,342 

162.497 
75,818 




28,935 

19,954 

22,433 

48,407 

53,635 

59,896 

46,441 

34,342 

959 


1,200 






2,308 
















29,073 














315,002 


2,823,243 


3,508 


3,359,592 



Table 8. Numbers of European corn borer parasites obtained 

from all sources of biological control investigations, 1920-39 



Year 


Importations from — 


Domestic 

collec- 

tions 


Labora- 

tory 

breeding 


Total 


Europe 


The 

Orient 


Canada 

and 

Peru 


1920-27— 

1928 

1929 

1930 

1931 

1932 
1933-. 

1934 

1935 

1936 

1937 
1938- 
1939 


352,846 

310,026 

165,983 

346,271 

383,458 

524,852 

292,477 

126,679 

148,036 

11,809 

13,482 

10,806 


(^) 

(^) 

13,896 

22,408 

28,120 

190,752 

1,486 

8,402 

17,042 

24,774 


5,000 


174 

3,369 

11,942 

9,639 

6,411 


1,742,845 

644,496 

400,749 

316,182 

14,922 

741 

1,342 


2,095,691 

954,622 

580,628 

685,035 

434,869 

728,287 

304,944 

141,492 

165,078 

68,406 

25,870 

173,303 

77,995 


10,777 


21,046 

12,388 


162,497 

75,818 







2,177 


Total 


2,686,726 


306,880 


15,777 


67,146 


3,359,592 


6,436,120 



^ A few larvaevorid parasites emerged from material imported during 1927. 
^ 15 larvaevorids and 19 hymenopterons emerged from material imported 
in 1928. 
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ing the European corn borer as the host. In 1938 and 1939 large 
numbers of C. annulipes were bred on Ephestia kuehniella Zell. 

The braconid Microgaster tibialis was bred in the years 1924 
and 1928 in numbers sufficient to permit releases. 

A few individuals of Apanteles thompsoni were bred for re- 
lease in 1928. Table 7 summarizes the production of parasites 
by laboratory breeding, and table 8 summarizes by years the 
parasites obtained from all sources for release in the United 
States. Methods of obtaining eggs and rearing corn borer larvae 
for use in breeding corn borer parasites are given by Patch and 
Pierce {28) and Baker and Mathes (8). 

STORAGE OF PARASITE MATERIAL 

Shipments of host larvae from foreign countries were made 
while the borers were in hibernation. The material arrived be- 
tween October and May, the greater part of it being received 
during the winter. Late shipments in the spring were attended 
by increased activity among the borers and, consequently, by 
greater mortality. 

In the first consignments, host larvae containing endoparasites 
were shipped in corn, which was stored in outdoor insectaries 
Avithout removing the larvae from their tunnels. No manipula- 
tion of the atmospheric environment or extension of the dormant 
period was attempted and the material was subjected to the pre- 
vailing outdoor weather conditions as they affected the material 
in the insectaries. Later material with the larvae webbed up in 
corrugated-cardboard packets was stored in an underground 
chamber having stone walls and an earthen floor, and where 
some slight environmental control was exerted. The earthen 
floor and the walls were sprayed periodically with water to induce 
a higher humidity. 

In the spring large quantities of ice were placed in a rack at 
one side of the chamber, and the packets containing the host lar- 
vae were removed from the shipping boxes and arranged one 
layer deep in shallow racks having bottoms of 1-inch-mesh wire. 
These racks were stacked one above the other until they formed 
a solid column about 6 feet high. When they were all in place 
the entire column was wrapped in cheesecloth and cemented over 
with a one-half inch layer of plaster of paris. In earlier years 
water was sprayed onto this column at intervals during the 
storage period in order to increase the humidity within the stack, 
but in later tests no moisture was added to the column. How- 
ever, by this method of storage, a gradual rise in temperature 
was unavoidable, and this was attended by a slow increase in 
metabolic activity of the larvae. 

This undesirable condition was remedied during the first win- 
ter (1934-35) that the host larvae were stored at the laboratory 
at Moorestown.^ A walk-in refrigerator with controlled tempera- 
ture and humidity was used. When the shipping boxes arrived at 
Moorestown, after being carried by automobile from the steamer 
at New York, a sample of the contents was taken to estimate the 
mortality incurred since they were packed. The mortality during 
shipment was estimated by examining 20 larvae in each of 10 




BIOLOGICAL CONTROL OF THE EUROPEAN CORN BORER 



15 



packets taken at random from each box, and by counting the dead 
larvae in each box outside the packets. The mortality of the host 
larvae imported from both Europe and the Orient was very low 
during transportation, never rising above 3.5 percent. 

On receipt of the larvae at Moorestown, qualitative and quanti- 
tative observations on the parasitization in the host larvae were 
also made. The data were derived by dissecting 10 larvae from 
each of five packets taken at random from each box of material. 

Following the examination as outlined above, all parasite ma- 
terial was repacked in the boxes in which it was received, and 
was left in these containers throughout the storage period. The 
temperature and the relative humidity of the storage room (fig. 1) 
during this time was 35° F. and approximately 90 percent, re- 
spectively, maintained by electrically controlled apparatus until 
development was started. 

All parasite material received in the cocoon stage was handled 
during the storage period by the method described by Arbuthnot 
and Baker.8 when held under conditions provided at the Moores- 
town, N. J., laboratory, the mortality of the corn borer larvae 
during storage was low, the average mortality in imported mate- 
rial not exceeding 5.3 percent. In domestic collections mortalities 
as high as 13.8 percent were noted, possibly owing to the inclu- 
sion of immature borers. Increasing the length of winter storage 
beyond the normal hibernation period invariably resulted in some 
increase in mortality. 



EMERGENCE 
Synchronizing releases 

Prior to the use of equipment permitting control of the environ- 
ro,ent during the storage period, it was impossible to control acra- 
rately the time of emergence of endoparasites. Some retardation 
was effected by the methods previously described, but the time 
of removal of material from the storage chambers was deter- 
mined by the seasonal activity of the larvae and not by the dates 
of a predetermined release program. The time of resumption of 
activity of the host borers varied from year to year with their 
source and also with climatic conditions. 

During these early years the entire accumulation of host larvae 
was removed on one date when observations showed that further 
storage would result in excessive mortality caused by activity 
of the confined larvae. On this date the plaster-of-paris columns 
were broken open and the trays containing the borers that had 
spun up in the corrugated-cardboard packets, were transferred 
to outdoor insectaries, where they were stacked in staggered col- 
umns, each rack separated from the one below by small blocks 
of wood placed at the corners to permit egress of the emerging 
adults. The technique of handling from this point was the same. 



** Arbuthnot, K. D., and Baker, W. A. technique and equipment for 

HANDLING TWO HYMENOPTEROUS PARASITES OF THE EUROPEAN CORN BORER 
WITH PARTICULAR REFERENCE TO PROLONGING THEIR HIBERNATION. U. S. Bur. 
Ent. and Plant Quar., E-460, 12 pp., illus. 1938. [Processed.] 
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both before and after more efficient storage methods were devel- 
oped. The original storage procedure was inadequate to supply 
parasites for liberation, because the emergence of the imported 
parasites could not be controlled so that releases would synchro- 




Figure 1. — Storage room for parasite material, European corn borer labora- 
tory, Moorestown, N, J. 
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nize with the occurrence of the host in a preferred stage of 
development. 

Synchronization of parasite releases with the presence of suit- 
able hosts was complicated by several factors. Part of the endo- 
parasitic material was collected from areas in which one annual 
generation of the borer prevailed, and part of it was obtained in 
areas having two or more annual generations. When stored and 
developed in a common environment, this host material developed 
at different rates, depending on its source. Furthermore, it was 
often desirable to release parasites obtained from any given ship- 
ment at more than one point in the infested area. The different 
geographic positions of the release points necessitated different 
release dates, depending on the strain of the host and on the 
meteorological conditions prevailing in the respective localities. 
Because of the variation in these factors, it was often necessary 
to move successive lots of the host material containing parasites 
destined for various points in the infested area into a develop- 
mental environment in order to obtain emergence at the proper 
times for release in the different localities. 

Since obviously it is impossible to vary to any great extent 
the normal date of emergence of one species of endoparasite 
more than that of another in the same lot of material after it 
has been placed in a developmental environment, it was necessary 
with each lot to choose a prospective emergence date that would 
be optimum for the most important of the species expected from 
it. Fortunately, variations in such factors as release localities, 
oviposition requirements for preferred host stages, the develop- 
mental period within the host, and the duration of the preoviposi- 
tion period, permitted a fairly close synchronization of all para- 
sites. 

That close attention to synchronization resulted in higher initial 
establishment has been demonstrated. Baker and Arbuthnot (1) 
have pointed out its value with respect to the colonization of 
Microgaster tibialis. Immediately after liberation, however, the 
seasonal rhythm of this parasite reverts to that of the region 
of its origin. Nevertheless, in general, a high initial establish- 
ment resulting from synchronization of parasite releases with the 
proper growth stages of the host is believed to increase the 
chances for a colony’s success over that of a nonsynchronized 
release, even with parasites having habits similar to M. tibialis. 

While the ultimate worth of synchronized releases of parasites 
that revert immediately to a seasonal rhythm nonsynchronous 
with the host cycle may not be demonstrable, yet with parasites 
the development of which depends chiefly on host physiology, 
synchronization is of definite value. This was clearly shown in 
the Chelonus annulipes released in the Lake States. This para- 
site oviposits in corn borer eggs and the parasite larva issues 
when the host is in the fourth instar. The week preceding the 
peak of host oviposition in the respective localities was chosen 
for the release of C. annulipes adults, since they are capable of 
ovipositing very soon after emergence, and since from 200 to 300 
eggs may be deposited over a considerable period by one female. 
It was thought that* liberations just prior to the peak of host 
oviposition would insure a maximum number of host eggs for 

828364“— 50 2 
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parasitization immediately after the releases, and would provide 
for the greatest possible utilization of the oviposition capacity of 
the parasite. By applying this plan to a series of C. annulipes 
releases, it became evident that synchronization played an impor- 
tant part in initial establishment of the parasite. 

Figure 2 shows the extent of synchronization of releases of 
Chelonus annulipes at two points in the Lake States. Figure 
2, Ay shows that complete or partial synchronization was accom- 
plished with most of the adult parasites released in Jerusalem 
Township, Lucas County, Ohio. Establishment and maintenance 
over a number of years were obtained at this location. In the 
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Figure 2. — Synchronization of Chelonus annulipes releases with the presence 
of host eggs, 1930; Ay Jerusalem Township, Lucas County, Ohio; By Mon- 
roe, Mich. 



locality represented by figure 2, By there was no synchroni- 
zation, and no resulting establishment of the parasite. A similar 
relationship held true at several other release points. 

The actual times of removal of the endoparasitic material from 
the controlled cold-storage rooms were determined by the period 
required for development of the parasite to the adult stage, in 
relation to the program for parasite liberation. The areas to be 
colonized were listed and the dates for liberations to effect syn- 
chronization with the host insect in its proper stage of develop- 
ment were determined from observations on the seasonal history 
of the host in previous years. 

Owing to the brief developmental period required to produce 
adults from stored cocoons, synchronization of releases of these 
parasites was obtained by removal from cold storage at the time 
governed by the progress of host development in the season of 
release. 

It was necessary to segregate the parasites from different points 
of origin during emergence. To accomplish this, the host ma- 
terial from each source was confined in an individual emergence 
chamber, four in all. These measured 6 feet long, 4i/^ feet wide, 
and 7 feet high. Three of them were built within an outdoor 
insectary, with double walls of pressed-wood board, except for 
one end, which was covered with a transparent, wire-imbedded, 
celluloidlike material. Each chamber was equipped with venti- 
lators through which the air could be drawn out or forced in, 
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and electrical current was available for the operation of mechani- 
cal insect collectors. The daylight entering each chamber could 
be supplemented with artificial light from “daylight” bulbs placed 
outside the window of the chamber. Outdoor temperatures were 
relied on to regulate the development of the parasites except 
during periods of unseasonably cold weather, when heat was sup- 
plied by an electric heater. One parasite emergence chamber was 
constructed inside a heavily insulated room in which temperature 
and humidity could be controlled as desired. This emergence 
chamber was held at 80° F. and 70 percent relative humidity. 
All light supplied to this chamber was artificial. 

Although as many as 585,000 larvae could be handled in one 
emergence chamber, about 200,000 was a more convenient unit. 
Larvae to be placed in the developmental chambers while still 
spun up in the packets were removed from the shipping boxes 
in which they had been stored, and these packets were arranged 
one layer deep in shallow trays measuring 14 % inches wide by 
20 inches long, and 1 inch high. Each tray (fig. 3), consisted 
of a wooden frame with a bottom of 4-inch-mesh wire cloth, the 
end of which was covered with a metal strip % inch wide. Each 
tray held 20 packets of about 400 larvae each, or a total of 8,000 
larvae. These trays were stacked in a double column in slots in 
a mobile rack (fig. 4) . The racks were of two sizes but of similar 
construction. The smaller racks had a capacity of 36 trays, or 
288,000 larvae, and the larger ones held 117 trays, or 936,000 
larvae. However, in actual practice, only about 5,000 larvae were 
usually in the packets in any one tray; therefore the number of 
larvae handled per rack was greatly reduced. 




Figure 3. — Tray holding packets of European corn borer larvae in storage. 

At the time of removal from storage, and approximately once 
a week during the developmental period, all packets in the trays 
were moistened. It was necessary to exercise considerable care in 
applying moisture, since a very high humidity with a high rising 
. temperature (over 70° F.) caused the larvae to migrate. Such 
m.ovement could be stopped quickly by lowering the humidity, even 
though this was accompanied by higher temperatures. In the 
emergence chamber, where temperature and humidity could be 
controlled as desired, there was no trouble from migration. 

All parasites handled in the emergence chambers showed posi- 
tive phototropic responses. As parasite and host adults issued. 
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they were drawn by either natural or artificial light to the front 
of the emergence chambers, where they were collected. 

Moth Emergence 

Most of the borer larvae placed in the emergence chambers 
pupated and large numbers of moths emerged. Since the pres- 
ence of corn borer moths complicated parasite collection in the 
emergence chambers, it was important to note the moth- 
emergence trend. Moths began to emerge about 2 weeks after 
the larvae were placed in the emergence chambers, but did not 



Figure 4. — Mobile rack holding trays of European corn borer parasite 

material. 
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become numerous until another week had passed. By this time 
most of the Lydella stabulans grisescens and a large portion of 
the Zaleptopygus fiavo-orbitalis adults had emerged. Adults of 
Horogenes punctoiius appeared while moth emergence was at 
its height. Since many of the host moths emerging in the cham- 
bers were known to be of different strains, and because of the 
possibility of the strain of any of the host adults differing from 
those present at the release points for which parasites were sched- 
uled, particular care was taken that moths were not drawn into 
the shipping cans with the adult parasites. To insure this, it 
was necessary to remove the corn borer moths before collecting 
the adult parasites. 




Figure 5. — Device for collecting and destroying European corn borer adults 
prior to collecting parasites in emergence chambers. 



Since it was necessary to destroy the moths, they were collected 
by means of a modified electric vacuum cleaner (fig, 5) into a 
large metal can partly filled with oil. The suction of this col- 
lecting apparatus was ample for rapid collection of the moths 
and to force them into the oil. The nozzle used on the moth col- 
lector had a small aperture to enable the operator to pick out 
individual moths when adult parasites also were present. A 
recent improvement has been the installation of a central vacuum 
system piped to all emergence chambers. Moths are drawn to 
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a metal container in the laboratory basement. The same system 
has proved very useful for cleaning cages and for general sani- 
tation. 

Parasite Emergence 

Adult parasites 'were collected from the emergence chambers 
directly into parasite-shipping cans by means of an electric col- 
lector (fig. 6), which consisted of a “hair dryer” modified by the 
addition of a zinc-reinforced celluloid casing to hold the parasite 
shipping can in place. The central vacuum system has also been 
utilized to draw parasite adults directly into shipping cans, 




Figure 6. — Device for collecting parasites directly into a shipping container. 



and where this system is available, it has proved very satisfactory. 
The parasite-shipping cans used were the same as the cans used 
for the importation of corn borer parasite material from the 
Orient. A 114-inch hole was punched in the cover of each can. 
When the collecting can was ready for use, the end of a long 
celluloid nozzle, fitted into the cover of the removable casing, 
was inserted through the hole. A small quantity of excelsior was 
placed in each can to provide additional resting positions for the 
parasite adults. 

Parasites were counted as they were collected, and individuals 
of only one species were drawn into each can. This procedure 
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facilitated the release of known numbers of any species. As they 
were filled, the cans were closed with corks and were then stored 
in cooled heavily insulated shipping boxes described by Bradley^ 
until packed and shipped to the release points. 

Since the parasite adults were drawn from the windows of the 
emergence chambers directly into the cans in which they were 
to be shipped, they were disturbed only once between the time of 
their emergence and their release in the field. The mortality due 
to handling was thereby reduced to a minimum. 

In order to obtain an estimate of the approximate number and 
species of parasites to become available for colonization from 
stored material, samples of larvae were dissected prior to the 
developmental period. The general procedure of sampling was to 
remove and dissect 10 larvae from each of 5 packets taken at 
random from each shipping box. In those dissections, data on 
multiple-parasitization, superparasitization, and other biological 
phenomena were obtained. 

It was found that 14 to 25 percent of the borers contained two 
or more larvae of the larvaevorid parasite Lydella stabulans gri- 
sescens. Biological studies have shown that usually not more than 
two larvae of L. grisescens can mature and emerge from a single 
host larva. The supernumerary parasite larvae, exceeding two 
in any one host, were disregarded in calculating the number of 
adults to be expected. From 1 to 17 percent of the dipterous larvae 
were in the third instar. All other dipterous parasite larvae noted 
were in the second instar. No host larva containing more than 
one Horogenes punctorius was found, and all of this species were 
in the first instar. Larvae of H, punctorius and dipterous larvae 
were found in the same host larvae. Of the dipterous larvae 
found within the borers, 1.1 percent were dead, as were 3.5 per- 
cent of the larvae of the H. punctorius. When L. stabulans gri- 
sescens and Zaleptopygus flavo-orbitalis were found in the same 
host larva, the Z, flavo-orbitalis larva was always dead, and where 
two larvae of Z, flavo-orbitalis were found in the same host larva, 
one of them was dead. All larvae of this species were in the first 
instar. 

When estimating the number of parasites to be expected from 
any lot of host material, based on dissection findings, it is neces- 
sary to make certain deductions to compensate for mortality occur- 
ing during storage and development. 

Table 9 presents data on parasite emergence from host material 
from different sources collected in 1934-37 and stored at Moores- 
town. This table shows greater mortality among individuals of 
some species than among others. Zaleptopygus flavo-orbitalis, an 
ichneumonid imported from the Orient, seemed to tolerate the 
artificial condition of storage and laboratory development better 
than any other species. Emergence of this parasite was probably 
close to 100 percent. 

Horogenes punctorius was most adversely affected by the lab- 
oratory handling, and emergence averaged less than 50 percent 



Bradley, W. G. a thermally insulated unit for the transportation 
OF ADULT INSECT PARASITES. U. S. Bur. Ent. and Plant Quar. ET-77, 3 pp., 
illus. 1936. [Processed.] 




24 



TECHNICAL BULLETIN 983, U. S. DEPT. OF AGRICULTURE 



S0p0(JS JO 
i^ouaio^g; 


Percent 

22.4 

22.4 


62.7 

62.7 


41.4 

34.4 
100.0 

43.6 


40.2 


pouT'Bjqo 

S0jpBJ^(J 


I* t> [ t- 
^ HO HO 

g 00 I 00 

^ I 


HO HO 

T-i tH 

I 

HO I HO 
tH I tH 

I 

( 


10,149 

98 

732 

10,979 


35,151 


sajp^j^d 

paj^uiijsa 


l§ jg 

Ci^ [ CD 
^ CO I CO 

^ I 


00 I 00 
O I o 

HO I HO 

(M I (M 
I 
I 


24,482 

285 

403 

25,166 


87,884 


pazT^TS^j-Bd 

sjajog 


Percent 

3.3 

3.3 


o I O 

HO I HO 

T— 1 1 tH 

1 
1 
1 


12.8 

6.0 

.5 

9.1 


00 



sopads JO 
Aouapyjg 



^ CO C5 

^ ZDCOiO 



bO tr- lO O 
CD 00 00 

Ci HO t- 



pauT'Bjqo 



I* O tH tH 
^ HO CO 00 

§ UO CO^OO 
CO tH 
rH tH 



Oi h- CD 0:> 
CO Oi CO CO 
CD 00 HO (N 
CD oTcD 



tH 00 00 HO 
t- CD t> a 
t- t- 



ap^lpAB 

sajis^j^d 

pajWxwijsg; 


Number 

212,299 

38,897 

251,369 


7,180 

21,206 

28,290 


2^869 

285 

5,234 

8,296 


t> 

00 


pazT^p^j-Bd 
‘ sjajog 


Percent 

18.6 

28.9 

19.7 


00 HO 

o o 

(M tH 


HO O HO O 

tA CD CD CO 


15.8 


Larvae’ 


Number 

1,141,393 

134,592 

1,275,985 


166,988 

102,444 

269,432 


191,265 

4,750 

80,530 

276,545 


1,821,962 



^ s 

0.2 

.^Oho 
M CO 




Table 9. — Emergence of parasites from host material at the Moorestown , N . J ., laboratory in 1935 , 1936 , and 
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for the three seasons. Emergence of Chelonus annulipes and 
Lydella stabulans grisescens each averaged about 60 percent. 
From a consignment of 11,809 cocoons of Microgaster tibialis 
received from Europe in the winter of 1935-36, a total of 9,062 
adults, or 76.7 percent, were reared. 

Lydella stabulans grisescens was always the first to appear in 
the emergence cages. The duration of the hibernation period made 
some difference in the length of the period elapsing between the 
removal of the hosts from cold storage and the appearance of the 
parasite adults. As with other parasites, the longer the storage 
period was extended the sooner the adults appeared after incuba- 




JULY AUGUST 

DAYS FROM COLD STORAGE 

10 20 30 40 50 60 

Figure 7. — Emergence trends of Lydella stabulans grisescens and Horogenes 
punctorius, season of 1935. 

tion was started. In general, however, emergence of L. stabulans 
grisescens started within 13 to 18 days after removal from cold 
storage, reached a maximum very quickly after emergence started, 
or from 16 to 20 days from the beginning of incubation, and also 
declined very rapidly. Over 85 percent of the adults ot this spe- 
cies issued within 14 days after emergence began. There was a 
more or less pronounced tendency in certain lots toward a second 
peak 3 to 5 days after the fi.rst. A few adults continued to emerge 
daily over a long period. Some appeared as late as 45 days after 
adult emergence started. 

Emergence of Horogenes punctorius began 25 to 43 days after 
removal from cold storage, and the peak was reached from 10 to 
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16 days later. Adult emergence fell off more slowly than was the 
case with Lydella stabulans grisescens. Adults continued to appear 
for over a month after emergence began. 

Under the environmental conditions prevailing at the Moores- 
town, N. J., laboratory, emergence of Zaleptopygus flavo-orbitalis 
adults began within 18 to 25 days after removal from storage, 
and the peak of emergence was 4 to 7 days after the first adults 




DAYS FROM COLD STORAGE 

9 14 19 8 II 14 8 10 14 

Figure 8.— Emergence trends of Microgaster tibialis^ 1936 . 

appeared. Males emerged 3 days earlier on an average than the 
females, a fact which would account for a second peak emergence 
S or 4 days after the first. The peak of Z. flavo-orbitalis emer- 
gence occurred about 10 days after the peak of Lydella stabulans 
grisescens emergence from the same host material. Under simi- 
lar conditions, Z, flavo-orbitalis emerged before Horogenes punc- 
torius. 
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The peak of emergence of the egg-larval parasite Chelonus an- 
nulipes occurred 10 days after the start of emergence and 49 days 
after removal from cold storage. 

The emergence periods and trends for two parasites stored and 
reared at Moorestown are shown in figure 7. 

The cocoons in which the parasite Microgaster tibialis spends 
the winter were brought from storage and handled during the 
developmental period as described by Arbuthnot and Baker.® At 
the Moorestown laboratory adults started to emerge 8 or 9 days 
after the cocoons were removed from storage, and the emergence 
peak was reached 10 to 14 days later. Emergence was practically 
complete by the fifteenth day after removal from storage. The 
emergence from each of the three lots of cocoons handled during 
the 1936 season is shown in figure 8. 

Post-Emergence Examination of Host Material 

After the emergence of parasites had ceased, samples of the 
material still remaining in the emergence chambers were exam- 
ined, to obtain additional information on the success of the pro- 
gram and for any indications that might lead to improved tech- 
nique in rearing operations. In these examinations the extent of 
mortality, host pupation, parasite puparium and cocoon forma- 
tion, and other factors that might have affected the parasite 
material were noted. 

Several features of interest were revealed by these examina- 
tions. It was apparent that high temperatures caused increased 
mortality among the host larvae. In material handled during 
1937, the lots that escaped the excessively high July temperatures 
of that year showed considerably lower mortality than those 
undergoing development during that period. It was also shown 
that there was greater mortality in the more heavily parasitized 
than in the lightly parasitized lots of larvae segregated and 
handled under identical conditions. This comparison was possible 
in the larvae parasitized by Chelonus annulipes, since the parasi- 
tized and unparasitized larvae could be roughly segregated be- 
cause normally parasitization by this species has a stunting effect. 

During the storage period of 1936-37, lots in which parasitiza- 
tion by C. annulipes averaged 70 percent suffered a winter mortal- 
ity of 11 percent; whereas in lots from the same source in which 
parasitization averaged only about 12 percent the mortality was 
only 3.4 percent. Although similar observations usually are im- 
possible with parasites whose presence does not change the out- 
ward appearance of the host larvae, it seems probable that the 
mortality of larvae parasitized by such species is higher than that 
of unparasitized individuals, and that parasites cause a host mor- 
tality not generally accredited to them. 

In the two years in which material from the Orient was handled 
at Moorestown, the mortality among these larvae was much lower 
than among larvae from other sources. The cause of this differ- 
ence is not definitely known. Apparently, in 1935 the oriental 
larvae in general were more mature than those imported from 



^ See footnote 6, p. 16. 
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Europe, which may account for the difference. During that sea- 
son the mortality of European larvae was almost twice as great 
as that of oriental larvae. In 1936 the mortality of the domestic 
larvae was over 90 percent greater than of the oriental. In both 
years the packets containing the oriental larvae were impregnated 
with beeswax, whereas those containing the European material 
in 1935 and the domestic material in 1936 were handled in un- 
treated packets. Mortality of larvae in the puparia and cocoon 
stages was very low for all species, averaging not over 8.5 percent 
in any case. Tables 10 and 11 give a comparison of data relative 
to host and parasite material examined after the emergence sea- 
sons of 1935 and 1936. 



Table 10. — Host mortality of European corn borer parasite mate- 
rial at post-emergence examination, Morrestown, N. J., 1935—36 



Source of material 


Host larvae 


Host pupae 




Living 


Dead 


Emerged 


Living 


Dead 


1935 


Percent 


Percent 


Percent 


Percent 


Percent 


European 


11.9 


52.5 


15.6 


0.7 


2.8 


Oriental 


7.7 


18.6 


48.3 


2.0 


.5 


1936 












Domestic 


3.2 


28.5 


48.9 


.6 


1.9 


Oriental 


.3 


14.9 


40.6 


10.1 


.3 



Table 11. — Emergence of European corn borer parasites at 
Moorestown, N. J., 1985-36 



Source of material 


Puparia 


Cocoons 


Emerged 


Unemerged 


Emerged 


Unemerged 


1935 

European 

Oriental 


Percent 

114.5(18.6) 

11.9(30.0) 


Percent 

0.5 

8.1 


Percent 

n.2(3.9) 
^3.8 (3.2) 


Percent 

2Q.1 

30.1 


1936 

Domestic 


4.7 (4.3) 


.2 


m.9(16.0) 


= 2.6 


Oriental 


11.6(19.4) 


3.8 


316.2(13.2) 


34.0 



Figures in parentheses refer to estimated original parasitization. 

- Horogenes punctorius. 

^ Zaleptopygus flavo-orhitalis. 



PARASITE SHIPMENTS 

Because of the extent of the area over which the corn borer 
parasites had to be moved for colonization, it was necessary to use 
exceptionally efficient equipment and technique in shipping. 

The large cloth-covered shipping cages illustrated by Jones 
were later modified by fitting the interior with convolutions of 
cloth to provide additional resting surface for the parasites. This 
method of shipping in large containers had several disadvantages. 
Consignments of parasites of a number of different species, or 
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parasites of the same species intended for release at several libera- 
tion points, could be handled only in extremely bulky shipments 
or by releasing the parasites in a room near the liberation points 
and collecting them again in lots before taking them to the field. 
To obviate these objectionable features small cans similar to those 
used for importing host larvae from Europe and the Orient were 
used for shipping parasite adults. (See Importations from Eu- 
rope, p. 4.) 

When first utilized for this purpose a small rectangular piece 
of l^-inch-mesh hardware cloth, bent to form a hollow triangular 
wire prism, was fitted into the can to serve as a resting place for 
the adult parasites. Small sections of No. 3 absorbent cotton 
rolls, supported in the mesh, were saturated with water just be- 
fore shipment. To prevent high mortality caused by low humid- 
ity, strips of moistened cheesecloth were wrapped around each 
can. Owing to the varied temperatures encountered during ship- 
ment, water frequently condensed on the metal within the cans, 
and many parasites were weakened or killed by being caught in 
the droplets. Later the wire support was dispensed with, and fine 
excelsior was substituted to afford resting surfaces for the adults 
and to reduce condensation of moisture. 

After being wrapped in moistened cloth, each can was marked 
with the number and species of parasites contained in it. It was 
unnecessary to provide food or water other than in the moistened 
cloth wrapping. As many as 350 adults of Lydella stabulans 
grisescens could be shipped in each can, but only 200 adults of 
Horogenes punctorius or Zaleptopygus flavo-orbitalis and 250 
adults of Chelonus annulipes were placed in one can. 

Three methods of transportation were used in moving parasites 
from the rearing laboratory to the point of release. For long- 
distance shipments involving more than 24 hours, of travel time, 
railway, boat, and aeroplane were used. For all other distances, 
railway express was the medium, except for release points in the 
vicinity of the rearing laboratory, for which transportation was 
by automobile. An iced shipping box described by Bradley ^ was 
used for all rail, rail and boat, and automobile shipments, to over- 
come the limited shipping schedule of the refrigerated express. 

Parasites to be shipped by air were confined in the standard 3 
by 5-inch screen-sided cans, each of which was wrapped in moist 
cheesecloth and enclosed in a corrugated-cardboard carton. A 
number of these cartons were packed in a larger corrugated-paper 
carton. The maximum number of cans per package shipped by air 
was 32. As there were 250 adults per can, this made a maximum 
of 8,000 per package. The larger carton was first wrapped with 
a layer of cloth, and then with a layer of absorbent cotton, which 
was covered with an outside layer of cloth. The loose ends of 
this cloth were stitched. The layer of cotton was dampened and 
the package was placed in a cold-storage room at 40° F. for 3 
hours before being shipped. 

A heavy manila envelope containing the bill of lading to facili- 
tate delivery of the package at the destination, was tied to the 
package. A tag containing the address and a shipping permit was 



'See footnote 7, p. 23. 
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attached, and the package was delivered to the express company 
just in time to permit the placing of the shipment on the sched- 
uled plane. 

Five species of corn borer parasites have been shipped by air 
express. Where plane schedules have been maintained this type 
of service was satisfactory, but unavoidable delays were so fre- 
quent, over a shipping period of 4 years, such transportation did 
not prove to be satisfactory. 

To find a desirable substitute for air shipments to points more 
than 24 hours distant by rail, two methods were tested in 1938. 
(1) Shipments for which part of the travel was across water con- 
sisted in transporting the material in an insulated iced shipping 
box via railway express to the export point, and thence by boat 
in the same container, under refrigeration, to the point of deliv- 




Figure 9. — Liberating European corn borer parasites near shrubbery at the 

edge of a cornfield. 

ery. A consignment of 2,000 Chelonus annulipes adults was 
shipped by this method on June 21 from Toledo, Ohio, to San 
Juan, P. R. The box was sent by railway express to New York, 
where it was placed on board ship for San Juan. The box was 
re-iced at New York, and again on receipt at San Juan. The total 
elapsed time between the date of shipment and the last release in 
the field was 7 days, and the mortality was only 2.1 percent. (2) 
In shipments entirely by rail directions for re-icing after 15 
hours of travel were attached to the top of the box. 

A test lot of parasite material was sent from Toledo, Ohio, to 
New Orleans, La., a distance involving more than 24 hours of rail 
travel. This method resulted in a mortality of only 0.2 percent 
from the time of shipment to field release in Louisiana. Ship- 
ments in insulated iced boxes via railway express were not only 
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reliable but also conducive of low mortality. During the period 
1935—38 nearly a quarter of a million parasites were transported 
by this means and the average mortality among all species was 
less than 2 percent. 

At the receiving points the box containing the parasites was 
usually re-iced and then taken to the field. At the liberation point, 
cans containing the requisite number of adults were removed from 
the box and taken to the windward edge of the field, usually in 
the shade of overhanging bushes or trees. The covers were re- 
moved and the cans were laid on the ground to permit voluntary 
egress of the adults (fig. 9). Records of meteorological condi- 
tions, ecological factors of the environment, and the condition of 
the adults were taken at the time of release. 

The parasite shipments showing the lowest mortality rate were 
taken to the field from the rearing laboratory via automobile, the 
adults being again packed in iced shipping boxes as for rail trans- 
portation. The mortality counts included all the adults that died 
during collection and en route to the actual point of release in the 
field. A few canfuls of adults were allowed to escape in a cage at 
the laboratory and then were re-collected, and it was found that 
much of the mortality was the result of injury during collection. 
It was concluded that the mortality during actual shipment by 
all methods other than air express was less than 1 percent for all 
species handled during the 4-year period. 

COLONIZATION AND SAMPLING METHODS 
Liberation Procedure 

Beginning with the first releases of three species of imported 
parasites at Watertown, Mass., during the period 1920-29, para- 
sites were liberated in certain localities designated as test points. 
The objective was to test various environments as to the ability of 
the parasites to establish and maintain themselves. The rate, 
direction, and extent of dispersion at the test points were studied 
and, where possible, the seasonal history of the parasites that had 
become permanently established was investigated. As increased 
numbers and species became available, additional releases were 
made at the original locations and at new ones. 

In 1928, because of the natural spread and increase in corn 
borer populations along the borders of Lake Erie and Lake On- 
tario and southward from New England, more extensive prepara- 
tions for testing and distributing imported parasites were made, 
and a systematic colonization program was planned. In formu- 



” In this discussion and in future references to the field status of parasites, 
the term “initial establishment” denotes the recovery of the parasites from 
the host generation present in the field at the time of release. It signifies 
that the parasite contacted the host in a stage favorable for attack and that 
parasitization was sufficient to be measured by the means employed. It 
implies nothing as to the status of the parasite after the completion of one 
annual cycle. “Establishment” means that the parasites not only became 
initially established in the environment but survived through more than one 
annual cycle of the host without being supported by other releases. A para- 
site is classified as being on a “maintenance” basis when its existence in the 
environment appears to be permanent. 
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lating- and executing this program, obvious sectional differences 
and the specific environmental requirements of individual species 
were considered. 

The principle of introducing all available primary parasites has 
been followed in all the colonization activities. H. S. Smith { 33 ), 
in discussing multiple parasitization, has shown that when compe- 
tition between species exists the final level of parasite population 
will be higher when all species are utilized. Smith says: * * on 

theoretical grounds, as well as on the data so far available, the 
policy of entomologists in introducing all available primary para- 
sites of an injurious species is justified.’’ 

SELECTION OF COLONIZATION POINTS 

In the early phases of the parasite colonization program it was 
impossible to determine the. most satisfactory environments for 
the different imported species ; therefore the locations for the re- 
leases were selected on a geographic basis as the best way of 
insuring the inclusion of the major environmental factors. 

The specific point of release in each major geographical division 
was determined by a survey of the corn borer populations in the 
different localities. That township was chosen in which the borer 
concentration was highest or in which the borer population 
equaled or exceeded that of any other locality. The selection of 
the point of release within the township was governed by the 
environment. 

At most of the colony sites the releases were made at a single 
point. At some sites, however, not all the parasites were liber- 
ated in the same field, but were distributed in a number of fields 
in the same vicinity. At a few locations, notably those in Perry 
Township, Wood County, and Damascus Township, Henry County, 
in Ohio, the Cattaraugus Indian Reservation in New York, and 
in eastern Massachusetts, the group type of release was used. 
Some of the adults were liberated in fields within approximately 
10 miles of the center of each area but no better establishment 
resulted from group-type releases than from single-spot releases. 

In selecting localities adequate protection, food, and water were 
considered of primary importance. The exact location of a re- 
lease site may have been chosen because of a water supply in a 
stream, swamp, or lake. Wood lots or areas overgrown with 
shrubs offer potential protection. The presence of a variety of 
flowering shrubs, weeds, or trees, as a possible source of food for 
adult parasites, might mean the difference between successful or 
unsuccessful establishment of a species (King and Holloway, 19 ), 
Typical environments selected for the release of corn borer para- 
sites are shown in figure 10. The importance of these protective 
factors decreases, however, as the synchronization increases be- 
tween the release of parasites and the appearance in the field of 
host stages suitable for parasitization. 

In the early stages of the program the plan to release parasites 
in the most heavily populated section of a geographical division 
was modified by observing a minimum distance of 25 miles be- 
tween colony sites, to prevent overlapping of dispersion. All the 
test points were sufficiently isolated so that reliable information 

828364®— 60 8 
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could be obtained on the rate and dii-ection of spread of para- 
sites, population fluctuations after various types of release, and 
efficiency of the different species in control of the borer. 

When the main objective was the distribution of a species 
throughout an infested area, instead of making test releases, 
colony sites were selected about as for test points, but the deter- 




Figure 10. — Typical environments for release of European corn borer para- 
sites: A, Edge of cornfield bordered by woods; By near water at edge of 
cornfield. 



mining factors were derived from biological studies of the para- 
site and its reactions to field conditions. The distance between 
colony sites was definitely established from known data on dis- 
tance and direction of spread, the number of individuals avail- 
able for distribution, the size of the colony necessary for initial 
establishment, and the size of the area to be covered by the colony. 

The total number of distribution points was arbitrarily con- 
trolled by the size of the total infested area and by the number 
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of parasites available for colonization. Occasional releases were 
made in a locality where the environmental conditions were signifi- 
cantly different from those generally prevailing, to determine 
whether the conditions were favorable for both the host and the 
parasites. There was also the chance that such a locality might 
serve as a chronic source of reinfestation of adjacent areas, and 
that a parasite population might build up enough to offset the 
borer menace and to furnish a permanent source for spread into 
adjacent territory. Numerous special colonies were established 
in restricted localities to obtain necessary information, such as 
adequate size of colonies, possible benefits to be derived from 
synchronization, and other variations from standard liberation 
technique, which might improve the efficiency of parasite handling. 

^ Each season the comparative values of the different colonization 
sites were considered carefully as to the number and concentra- 
tion of borers present, the probable direction of spread of the 
borer, and the relative importance of the section as to corn pro- 
duction. The sites were then classified, the more favorable ones 
being colonized completely with all available species of parasites. 
The only restriction that limited the testing of any parasite 
throughout the entire infested area was the number of adults 
available for colonization. This number was divided into units 
sufficiently large to insure establishment and maintenance, where 
the parasites were capable of surviving in the environment. 



DETERMINATION OF THE SIZE OF COLONIES 

An arbitrary colonization unit for all species was set at 1,000 
females, plus males in proportion to their normal sex ratio. 
Although establishment of some species might be obtained from 
smaller units, and considerable variation existed in the coloniza- 
tion requirements of the various parasites, the arbitrary number 
of 1,000 females was considered a practical working unit. It was 
shown that excellent initial establishment of some species could 
be obtained through the release of smaller colonies; however, no 
colony of less than 500 individuals was considered adequate for 
establishment. Once fixed, the determined number was used in 
all subsequent liberations, whether for testing in the selected en- 
vironments or for distribution to supplement natural dispersion 
where the rate of spread was so slow as to justify further coloni- 
zation. 



PERIOD OF RELEASE 

In determining the number of years during which releases 
should be made at any one point, several factors were considered 
before a formalized procedure was adopted. Because of the lack 
of information on the adaptability and efficiency of corn borer 
parasites in new environments, and because of the uncertainty 
of climatic conditions, it is of primary importance that releases 
be made in more than one year. Adequate initial establishment 
is necessary for the parasite to have a reasonable chance of sur- 
vival. Once firmly established and included in the natural en- 
vironmental complex, a species would be better prepared to with- 
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stand adverse circumstances than would a few hundred newly 
introduced individuals. Consequently, it was decided that if the 
capability of a species did not become apparent after the original 
liberations, releases should be repeated. 

It was obviously unwise to continue placing adults of the same 
species in the same locality indefinitely because (1) it would 
interfere with the early appraisal of the relative merits of the 
parasites, which was necessary for the most effective and eco- 
nomical distribution program; and (2) because of the limited 
numbers of parasites available, as compared with the large size 
of the infested area over which colonization was desirable. Since 
it was necessary to colonize some 150,000 square miles of infested 
territory having varied environmental conditions, it was unwise 
to restrict the number of colonization points unnecessarily. 

An arbitrary period of 3 years of release at any one point was 
adopted as the standard for all species. Consecutive years were 
preferable, although not always practical, because the supply of 
adults available for colonization varied from one year to another. 
Whenever experience revealed defects in colonization technique, 
the species affected was considered as untested and was released 
3 more years at the same site. 

It often happened that a species previously tested thoroughly 
throughout the entire borer-infested area, without showing prom- 
ise, still appeared in the importations, having been taken inci- 
dentally in the foreign collection of other species. Such species 
were again utilized as untested after a 3-year lapse following 
standard liberations at any point. This procedure provided for 
the testing of the immediate effects of the different environmental 
conditions that might have prevailed in the test localities dur- 
ing the second release period. As soon as field surveys showed 
that an introduced species was present at a test location in suffi- 
cient numbers to indicate establishment, releases of that species 
w'ere discontinued. 

At locations where liberations had been discontinued because 
of sufficient initial establishment, and where the parasite subse- 
quently failed to survive, the parasites were listed as untested 
after a 3-year period of failure to recover them. With respect 
to that locality the parasite was returned to the program as an 
untested species. 

To meet the requirements of individual species or the variations 
in host concentration and dispersion, some adaptations were made 
in the operation of the colonization program. Certain species 
were released in some locations in more than 3 years. With all 
such species, except Microbracon brevicornis, this procedure was 
followed because the numbers available for colonization in certain 
previous years had been considered too small for an adequate test. 
With M. brevicornis, in view of the large numbers available for 
liberation and its consistent failure to become established, it was 
deemed advisable to extend the arbitrary 3-year liberation period 
at a few points to increase the chances of liberating the parasite 
under the most favorable environmental conditions. 

An aditional complication in the program resulted from the 
importation of apparently identical parasite species from both 
Europe and the Orient, for example, Macrocentms gifuensis, 




Table 12. — Number of releases of imported parasites of the European corn borer in the United States, 1920-^0 
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Table 13 . — Number of corn borer parasites shipped to Canada, 1923-J^O 
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Lydella stabulans grisescens, and Horogenes punctorius. Although 
within the species the adults of different origin could not be 
distinguished taxonomically, it was possible that they might 
differ biologically. To avoid possible confusion, certain districts 
were reserved for colonization of oriental species when appar- 
ently identical species from Europe were being colonized. 

Frequently the spread and increase of the corn borer in an 
important corn-growing county necessitated the placing of that 
county higher in the weighted list of colony sites and in colonizing 
parasites in it before completion of the prescribed 3-year test 
period at older locations. To make releases at some of these new 
locations, it often became necessary to curtail the program at 
some of the older and less important sites. 

From the time of the first release in 1920 through 1940, ap- 
proximately 6 million parasites were released in the United 
States. The species and the numbers of individuals released in 
each State are shown in table 12. 

Throughout the colonization program close cooperation has 
been maintained between the Canadian Department of Agriculture 
and the U. S. Bureau of Entomology and Plant Quarantine. Para- 
sites have been forwarded to Canada for breeding and for field 
release (table 13), 



Field Sampling Procedure 

RELATION OF SAMPLING TO PARASITE FIELD STATUS 

As a guide in planning and conducting further importation, 
breeding, liberation, domestic collection, and redistribution, it is 
necessary to have data on the biology, establishment, survival, 
multiplication, efficiency, rate and direction of dispersion, and 
fluctuations in population of imported parasites that have been 
colonized under various environmental conditions. Fundamental 
sampling problems are involveci in deciding on the procedures 
to be followed in obtaining this information. 

The relation of parasite liberation to intensity of parasitiza- 
tion must be carefully considered when any sampling system is 
constructed, since sampling immediately after current releases 
may yield results quite different from those obtained by sampling 
colony sites not supported with current releases. This situation 
is further complicated by the continuous introduction of species 
not previously released at the different sites. In the natural 
course of liberation procedure, additional species are tested at 
sites that previously received releases of other species. This con- 
dition resulted in not only a different lapse of time between lib- 
eration of different species but also in an introduced variation 
in their field status. Since this variable time factor alone rnay 
have an important bearing on the different influences being 
studied, sampling methods must be so devised that suitable analy- 
ses can be made of field data pertaining to the reaction of indi- 
vidual species. 

In the infested area in the United States 21 different species 
of imported parasites having specific requirements as to libera- 
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tion technique and optimum sampling time, were colonized. For 
instance, an exceptionally high initial establishment of a species 
might be obtained directly from liberation technique, but this 
condition would not be a true index of the ultimate efficiency of 
the parasite. The influence of initial establishment imposes itself 
on the results of the survey and must be analytically separable 
from other data that reveal more truly the status of those para- 
sites which, following a lapse of time, have more nearly attained 
a stable part of a given locality’s parasite population. Both types 
of information are indispensable and data must be available to 
perrnit the proper evaluation of each. 

With these objectives in mind, the immediate consideration 
in devising the sampling method was the individual species, rather 
than the combined status of all species. For lack of available 
funds and personnel, it was impractical to attempt to apply the 
optimum technique to serve each desired objective. There were 
at least 10 speciflc subjects on which immediate information by 
some form of sampling was desired, and these applied equally 
to each of the 21 imported species colonized. The determination 
of the status of native parasites was an additional complication. 

PRINCIPLES OF SURVEY SAMPLING IN RELATION TO STATISTICAL INTERPRETATION 

OF RESULTS 

The foregoing discussion has treated the general objectives 
toward which parasite field sampling should be directed. Meth- 
ods of sampling based on the biology of the parasites, the area to 
be covered, and the funds available, and conforming to rigorous 
mathematical principles, were developed. 

The samples must provide the following statistical informa- 
tion: (1) A measure of the condition being sampled, and (2) a 
measure of the error involved in measuring the conditions. In 
plot experiments the conditions being measured and compared 
are the differences between treatments or varieties, and the prin- 
ciples of replication, randomization, and local control are used 
to mitigate the errors due to soil heterogeneity and other factors. 
In field surveys the conditions being measured and compared are 
the populations of hosts or parasites in specified areas, and the 
same principles may also be used to mitigate the errors due to 
the variability of the insect populations in the different sections 
of an area. 

The difficulties arising from the variability of the insect popu- 
lations within an area may be overcome by distribution of mul- 
tiple samples. Other factors being equal, the greater the number 
of samples taken the more nearly will the average tend to ap- 
proach the true condition of the area. It may also be assumed 
that the variability of the insect population, like the soil varia- 
bility in plot experiments, cannot be regarded as distributed at 
random over the whole area, but is to some extent systematic, 
so that neighboring sections are, on the average, more alike than 
sections farther apart. The principle of local control can there- 
fore be utilized by taking the samples in sections systematically 
distributed in the area according to some plan. Within each 
section the samples must be taken at random. This section may 
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be the field nearest the center of each section, if the sections are 
placed at random insofar as conditions permit. Samples should 
not be taken from the same place in successive years. 

The principle of local control is thus used to the greatest pos- 
sible extent by dividing the area into as many sections as there 
are samples to be taken. However great the variability between 
sections, the actual error of estimate of the inean for the area 
will be due to the variability within the sections alone. This 
sampling variability or error can be estimated only by using two 
or more samples within each section. Each sample, however, is 
placed individually in a section and combined later in multiple- 
sampled sections for the determination of the sampling error. 
For each of the many diverse problems listed previously, a valid 
solution should exist and be recognizable, if the sampling has 
been carried out correctly. 

The principles of survey sampling are equally applicable to 
the placement of colony sites within the area and to the placement 
of samples about the colony sites or of subsamples in the fields. 
Each colony site may be regarded as a sample of the adaptability 
of the environment to the species of parasites in the area as a 
whole. The more dispersed these species are, within the limits of 
practicability and the possibility of recovery sampling, the greater 
likelihood there is of getting a representative sample of all con- 
ditions in the area. 

Owing to the great extent of the area, the diversity of con- 
ditions, and the limitation of material, it was deemed advisable 
to establish the colony sites in selected environments, rather than 
at arbitrary intervals regardless of conditions. The borers taken 
at each colony site constituted a sample of the native parasites 
in the area, as well as of the introduced species. In analysis for 
some purposes, such as the comparison of the means of general 
areas from year to year, these samples corresponded to the section- 
random method of sample placement around colony sites, de- 
scribed later, in which full advantage can be taken of the prin- 
ciples of replication, randomization, and local control. For other 
purposes of analysis, such as comparison of means of parts of 
the general area in the same year, these samples correspond to the 
unrestricted-random method of placement about colony sites that 
utilizes the principles of replication and randomization, but not 
the important principle of local control. 

For the placement of samples about colony sites, three methods 
were tested in the field and their relative merits critically scruti- 
nized in the light of these principles of survey sampling in the 
development and final selection of a suitable technique: (1) The 
strip method; (2) the unrestricted-random method; and (3) the 
section-random method, which conformed rigidly to the princi- 
ples of replication, randomization, and local control. 

The first, or strip method, represents an extreme of arbitrary 
restriction which involves laying out definite radiating lines, or 
transects a delineated environment from a common center — in 
this case the liberation point — and taking samples at uniform 
distances along these lines. The lines may run only in the car- 
dinal-compass directions, or additional radii may^ be added as 
funds permit. This method may be adapted to specific objectives. 
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such as parasitization along natural or artificial lines — rivers, 
lake fronts, prevailing winds, and highways — but is not suited 
to general sampling and does not measure the true status of the 
parasites. In addition to the high degree of arbitrary restric- 
tion employed, undesirable unbalanced concentration of sampling 
occurs near the immediate point of release. This difficulty could 
be obviated by additional radii beginning at successive distances 
from the liberation point. Such a procedure, however, would 
merge into the polar-coordinate system of placement, developed 
for use with the section-random sampling plan. 

The unrestricted-random method represents an opposite ex- 
treme to the strip method in the operation of a standardized field- 
sampling technique. By this method the area to be sampled is 
divided into convenient sections of equal size, designated by con- 
secutive numbers. From the total number of sections included 
in the area being surveyed, the numbers of the actual fields to be 
sampled are taken from Tippet’s Random Sample Numbers ( 38 ), 
utilizing the particular series of random numbers applicable to 
the total number of samples that can be obtained in the area. 

Regardless of the variation in type of the random-sampling 
method utilized, care must be taken to apply succeeding series of 
numbers to the separate areas in any one year and succeeding 
series to identical areas in consecutive years. While this method 
insures a desirable randomness and has many advantages, it has 
one serious limitation — ^the possibility that so great a randomness 
in taking samples might miss certain sections of the area being 
sampled and that the sections missed might have yielded illumin- 
ating data. Futhermore, this method, although utilizing the 
principles of replication or multiple samples and of randomiza- 
tion, almost completely lacks any utilization of the principle of 
local control. The random error, therefore, of the estimate of 
any mean from such samples would be influenced by practically 
the entire variability of the condition over the whole area, except 
for certain minor features of local control, such as distance from 
the liberation point. To obviate these deficiencies, the application 
of a more restricted sampling method was desired. 

The section-random method has been developed to supply the 
need for this additional restriction. By this method the advan- 
tages of replication and randomness are fully utilized and the 
maximum of local control for the number of samples taken is 
obtained. This is the general scheme that formed the basis for 
the sampling plans in most surveys. It has sufficient flexibility 
to permit its application to a great diversity of conditions, and 
it is capable of modification, to provide for enlarged or retracted 
activities with the least possible disruption. 

The first consideration in the application of the section-random 
method was the delimitation of the nature and objectives of the 
survey to be conducted and the number and size of samples that 
could be taken with the available funds and personnel. The area 
to be surveyed was divided into sections, the total number of 
sections to be utilized equalizing the total number of samples 
that could be taken in the area, and one sample was taken in each 
section. The sections and samples varied in size according to 
the stated objectives. The final scheme adopted for the sampling 
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of a given colony site was a compromise of the requirements of 
the numerous objectives. 

Within each section the samples were placed entirely at ran- 
dom with reference to the conditions affecting the thing being 
sampled. This sample might be from the field nearest the center 
of each section, if the sections are laid out in an arbitrary man- 
ner about the liberation point, except with regard to distance. 
From year to year either the samples were allocated at random 
within the sections or the whole system was shifted. The method 
by which randomness could be accomplished was dependent on 
the size of the sections. Large sections could be subdivided into 
a number of smaller ones, and the immediate location could be 
determined by random drawings. The whole system could be 
rearranged so that the samples would fall in different locations 
in successive years. In shifting the samples to obtain year-to- 
year randomness the corresponding number of samples was placed 
at approximately the same average distance from the liberation 
point and balanced equally on all sides of it. Sufficient random- 
ness of sample placement was usually obtained through normal 
crop rotation. 

The section-random method, combined with a physical layout 
that conformed to the biological requirements, fulfilled the con- 
ditions of replication, randomization, and local control for sup- 
plying reliable estimates of area means ; eliminated a large portion 
of the place variability ; and allowed a valid estimate of the com- 
ponent of the variability remaining as the error of the estimate 
of the mean. These area means were of primary importance in 
parasite field studies because they formed the basis for the study 
of the ecological relation of the introduced species and for the 
evaluation of the relative effectiveness of parasites in controlling 
the corn borer. Replication or multiple samples increased the 
reliability of the estimates of the means and provided valid esti- 
mates of the random variability of the estimate of the means. 

The increase in the reliability of the means with strict ran- 
domness is proportional to the square root of the number of sam- 
ples. Systematic (section-random) placement of samples adds 
the feature of local control to replication and randomness, greatly 
increasing the efficiency of a given number of samples. Through 
local control the samples were distributed porportionately at de- 
termined distances and approximately balanced on all sides of 
the liberation point. The random variability applying to the 
estimate of the mean was reduced from the total place variability 
of the area under consideration to the sampling variability within 
sections by eliminating the variability between sections. The 
actual computed random variability of sampling became some- 
v/hat larger, because two or more sections were combined in the 
arithmetical estimation of the random component, but the real 
advantage in local control of placing each sample in separate sec- 
tions still exists. 

As the fields constituted the samples in the sections, the borer 
population in the field, in turn, was sampled. The principles of 
replication, randomness, and local control also applied to the 
campling within the fields. The more reliable the estimate of 
the means of the fields the less the random variability of the 
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samples in the areas and, therefore, of the error of the area 
means for a given number of samples. The field sampling should 
be carefully planned to give replication, randomness, and local 
control ; however, increasing the size of the field samples was not 
so effective as taking the equivalent increase in samples in more 
fields. The final specifications must therefore be guided by a 
balance with pertinent practical considerations. The samples in 
any level should, however, be uniformly distributed. Grouped 
samples must be considered as single samples, in that level, with 
subsampling. 

THE SECTION-RANDOM METHOD APPLIED TO A PRACTICAL FIELD PROBLEM 

The next consideration was the mechanical process to be fol- 
lowed in applying the section-random method to the specific areas 
selected for survey. The system generally used in comparable 
surveys is a rectangular-coordinate design suitable for obtaining 
abundance estimates of the entire area. Most of the colony sites 
to be sampled were relatively small, and information on the com- 
parative biological responses of the different parasites at varying 
distances from liberation foci, in addition to parasite-population 
levels over the entire area, were needed ; therefore some method 
other than the use of rectangular coordinates was desirable for 
parasite sampling. The polar-coordinate system eliminated the 
objections to the rectangular-coordinate system without decreas- 
ing the possibilities of gathering adequate data on control effi- 
ciency. 

The polar-coordinate design is adapted to section-random sam- 
pling, and fulfills the statistical requirements of replication, ran- 
domness, and local control. Its actual application to colony sites 
is simple and subject to innumerable variations to fit specific 
demands. Since practical phases of the problem do not require 
differentiations of distances less than 1 mile, circles are inscribed 
on the map of the locality to be surveyed, each circle having a 
similar radius at least 1 mile greater than that of the preceding 
one, this being continued until the entire survey area is enclosed 
in the outer circle. A series of concentric rings of equal width 
is thus obtained. The total survey area in square miles, is divided 
by the number of samples to be taken, giving the approximate 
area to be included in each section to be sampled. Each ring 
area is then divided by the area previously determined to be in- 
cluded in each section, giving the total number of sections to be 
included in each ring. 

The diagram must, of course, be adjusted to the scale of the 
map. The center of the system is located as near the actual point 
of parasite liberation as is practicable. Figure 11 illustrates 
a polar-coordinate design as drawn on a field map. 

When the sections were outlined on a map of the area in which 
single samples were to be taken and the actual fields to be exam- 
ined were located as outlined above, the samples were taken in 
accordance with the following procedure. 

The observation unit for the parasite count was established at 
100 borers, although a sampling unit of 50 borers appears to be 
satisfactory if the parasitization exceeds 15 percent. Fifty is 
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apparently the minimum number that can be expected to give 
reliable information, and has the added advantage of being a 
number that readily lends itself to the necessary manipulations 
of statistical analysis. Accordingly, one of these units was ob- 
tained from each of the sections comprising the polar-coordinate 
design. T)ae samples within the sections were as nearly uniform 
in size as possible, in order to avoid giving some sections more 
weight than others, which might interfere with the solution and 
the interpretation of the results. The samples from each section 
were separate units representing discrete sets of conditions. 

In the actual field collection, borers were taken wherever they 
could be obtained most conveniently, since observations showed 
that within fields the rate of parasitization was not affected by 
borer distribution. The varying distribution and intensity of 




Figure 11. — A polar-coordinate design superimposed on a field map. 



corn borer populations often required concentration of collections 
to restricted portions of the original field or, conversely, the 
expansion to include the entire section. If the complete quota 
of borers could not be obtained from one field, additional fields 
within the section were examined. If the complete quota of borers 
could not be obtained from the section, such borers as were ob- 
tained served as the sample. If no borers could be obtained 
within the section, that fact was noted and no further attempts 
were made to obtain compensating collections. 

It was believed, however, that sampling was insufficient where 
initial establishment of a species was still extremely slight and 
no appreciable dispersion beyond the limits of the immediate 
influence of the liberation point had taken place. This situation 
was satisfied by fixing a sampling unit of 400 borers within the 
inner circle. These borers were taken from one field, arbitrarily 
selected by the collector as representing the best single possibility 
for supplying information on the establishment of the various 
species being tested. In this selection the investigator considered 
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distance and direction from release point, relation to possible 
protection, water and food supply, and stage of corn development 
as an index to borer population. One subunit, or subsample, of 
100 borers was collected from each quarter of the field being 
examined. Each subsample retained its identity in the labora- 
tory, since there was a reasonable expectation that higher para- 
site populations would appear in those selected fields than might 
be found generally around the liberation point. 

FIELD AND LABORATORY TECHNIQUE 

For phases of investigation on the field status of corn borer 
parasites in which samples of the host were needed, collections 
were made at the time of year when equilibrium between para- 
sites and host had been reached. For observations on parasitiza- 
tion in borers of the overwintering generation, collections were 
made in the fall after the active parasite season and when the 
host larvae had attained full growth. Feeding in the laboratory 
and lessened mortality during winter storage were thereby avoided. 
Owing to the earlier seasonal maturity of borers in the Lake 
States, collections were begun in that area about October 1, 
2 weeks earlier than the initial date in the East. In both areas 
it was planned to complete field observations before adverse 
weather decreased the efficiency of operations. 

The survey to determine the extent of parasitization in first- 
generation borers in the Eastern States area was made just prior 
to the appearance of numbers of second-generation borers. Thus, 
owing to variations in the rate of individual development, mature 
larvae, pupae, and pupal exuviae appeared in such collections, 
whereas in fall collections the host stage consisted entirely of 
mature larvae. The objective was to obtain as nearly afe possible 
the number of hosts of a given generation that were killed by 
parasites, so that if and when it became possible to determine the 
mortality that would have resulted from other factors, an exact 
evaluation of the mortality caused by parasites might be obtained. 

The technique of borer collection was gradually improved and 
in 1941 the following method was used. A salve tin, about 2 
inches in diameter and inches deep, was fastened with elastic 
bands to a tight-fitting superstructure having a funnel-shaped 
opening in the top. The salve tin contained a roll of corrugated 
cardboard 13 inches long by 1 inch wide. This cardboard sup- 
plied sufficient cells in the corrugations for 50 borers, without 
crowding. Borers taken from standing, shocked, or Stubblefields 
of sweet and field corn, or from weeds and debris, were dropped 
into the container and soon crawled into concealment in the cor- 
rugations (fig. 12). When 50 borers had been taken, the salve 
tin was removed from the superstructure, covered, and placed in 
a mailing tube with a record form giving full data on the col- 
lection. 

Included in the borer sample were all ectoparasites and all 
cocoons and puparia of endoparasites that had issued prior to 

The term ‘^emerge’’ refers to the appearance of adults in the natural 
process of metamorphosis. The term “issue” refers to the process by which 
endoparasitic species leave the host. 
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collection but had caused the death of borers of the generation 
being sampled. Host remains and the parasite (or cluster of para- 
sites of gregarious or polyembryonic species) responsible for its 
death were placed in a No. 0 gelatin capsule. When received at 
the laboratory the cans were held at a low temperature to pre- 
vent overactivity of the borers until they could be segregated, 
which was usually done on the day following receipt but could be 
delayed by storing the cans in a cool place. 

Isolation is essential to prevent cannibalism and reduce the 
chances for epidemics of entomogenous diseases. Shell vials meas- 
uring 50 by 17 mm. were used for segregating the larvae. Each 
vial was covered with a cap formed from a 1-inch circle of 40-mesh 
screen wire. Each contained a piece of white blotting paper (1)4 




Figure 12. — Containers used in collecting European corn borer larvae. 



inches by % inch), to absorb excess water and retain moisture. 
Vials were carried in shallow trays equipped with cross pieces 
for elevating the cap end of the vial, thus facilitating the moist- 
ening process and the examination of the contents. Two hundred 
vials, or material from two samples, were put in each tray 
(fig. 13). 

Immediately after isolation of the vials, moisture was applied 
by means of a fine jet of water forced through the screen caps. 
The trays were then racked in a refrigerator room (fig. 14) held 
at a temperature of 34°-36° F., and were kept there until the 
diapause requirements of the host larvae had been satisfied, or 
for about 3 months. Decreasing this hibernation interval to any 
great extent, especially when dealing with the single-generation 
strain of the borer, causes excessive mortality of the host larvae. 
Usually about March 1 the refrigerating unit was shut off and 
the larvae were allowed to warm slowly before being placed in 
an environment favoring their development. This environment 
consisted of a chamber held at 80° by a thermostat regulating a 
small fan-type electric heater and at a relative humidity of 70 
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Figure 13. — Tray for holding isolation vials in inclined position to facilitate 
observation and handling of European corn borer larvae and the applica- 
tion of contact moisture. 
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Figure 14. — Refrigeration room used for storage of European corn borer 
hibernating material, Toledo, Ohio. 

percent or above, controlled by a hygrostat regulating a humidi- 
fying unit similar to that described by Bradley and Berndtd? 

The trays were stacked in mobile racks holding from 57 to 108 
trays. At the Moorestown, N. J., corn borer laboratory wooden 

Bradley, W. G., and Berndt, 0. E. an inexpensive humidifier fea- 
turing HYGIENIC PRINCIPLES. U. S. Bur. Ent. and Plant Quar. ET-96, 2 pp., 
illus. 1937. [Processed.] 
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racks were used and the trays were slid in and rested on angle 
irons fastened to the uprights (fig. 4). At Toledo, Ohio, the 
racks were constructed of sections of l^-inch iron pipe welded 
together. The trays were supported at front and back on y 4 ,-inch 
iron rods, the ends of which were set into holes drilled at proper 
intervals in the pipe frame (fig. 15) . 







Figure 15. — Mobile rack for holding trays of European corn borer parasite 

host material. 

All larvae were examined at the time of removal from cold 
storage and a record was made of the mortality during winter 
storage. Since normal development of the larvae is impossible 
without contact moisture, water was applied at the time of re- 
moval and once each week during the developmental period. 






52 



TECHNICAL BULLETIN 983, U. S. DEPT. OF AGRICULTURE 



Material of this type may be attacked in the laboratory by the 
fungus Beauveria hassiana, which at times causes considerable 
mortality. Various methods of combating this disease in stored 
and experimental material in the laboratory were tested. The 
tests included the application of germicidal solutions to the living 
material or the containers, and also included germicidal irradia- 
tion. The fungicide found most desirable was basic phenylmer- 
curic nitrate (0.067 percent in aqueous solution), dissolved in the 
contact-moisture water at the rate of 15 cc. of the solution to 
1 quart of water. 

The entire lot of material was examined weekly or semiweekly 
and all parasites that issued were noted. Vials containing freshly 
formed cocoons and puparia were removed from the trays and put 
in emergence racks similar to those described by Painter.^^ 

The time elapsing from cold storage to emergence of adult 
parasites, and also the emergence trend or curve for each exotic 
parasite under controlled environmental conditions, could easily 
be charted. Such information is often useful in recolonization 
work. 

Since all material was isolated, each adult parasite and the re- 
mains of its immature stages could readily be associated with 
the remains of its host. 

Development of the parasite survey material was allowed to 
continue for a number of days, until practically all emergence 
w^as completed. Since it was found that all parasite emergence 
is completed a considerable time before all the host insects have 
emerged, observations were concluded within a week after the 
maximum interval of parasite emergence, as determined by past 
records. All vials were closely packed in wire racks holding about 
200 each. The open ends of the vials were faced in one direction 
to facilitate removal of undissolved material by spraying after the 
vials had been thoroughly boiled in a solution of washing powder 
and lye. The vials were dipped in a weak aqueous solution of 
hydrochloric acid, to neutralize the alkali and prevent deposit 
after boiling, and were then thoroughly rinsed. 

Before beginning collection each year, the entire list of material 
to be used on the work was assembled. Each of the thousands 
of vials received its small piece of blotting paper, and the small 
collecting cans were fitted with their corrugated-paper strips. All 
material, including blank note forms, superstructures, and vial 
trays, were placed in a fumigation chamber and treated with a 
fungicide consisting of formaldehyde fumes generated by uniting 
10 ounces of potassium permanganate with 500 cc. of 40-percent 
formalin for each 1,000 cubic feet of space. The cold-storage 
room and the incubator room were painted with white high-gloss 
paint each year just before receiving the parasite material. 

FIELD RELEASES 

Since the inception of the project on biological control of the 
European corn borer, 21 species of parasites have been intro- 



Painter, H. R. rearing box for small insects. U. S. Bur. Ent. and 
Plant Quar. ET-40, 1 p., illus. [Processed.] 
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duced from Europe and the Orient and released in the United 
States, as shown in the following tabulation : 



Parasites Imported from 

Diptera : 

Aplomya mitis (Meig.) Europe 

Ly della stahulans grisescens R. D.^ Europe, the Orient 

Nemorilla floralis (Fall.) The Orient 

Pseudoperichaeta erecta (Coq.) i The Orient 

Pseudoperichaeta roseanae (B. & B.) Europe 

Hymenoptera : 

Apanteles sp. The Orient 

Apanteles thompsoni Lyle Europe, the Orient 

Bracon atricornis (Smith) Europe, the Orient 

Campoplex multicinctus Grav. Europe 

Campoplex pyraustae Smith Europe 

Chelonus annulipes Wesm.^ Europe 

Zaleptopygus flavo-orhitalis (Cameron)^ The Orient 

Campoplex alkae (Ell. & Sacht.) Europe, the Orient 

Eulophus viridulus Thorns.^ Europe 

Exeristes roborator (F.) Europe 

Horogenes punctorius (Roman) ^ Europe, the Orient 

Macrocentrus gifuensis Ashm.^ Europe, the Orient 

Meteorus nigricollis (Thoms.) Europe 

Microhracon brevicornis Wesm. Europe 

Micro g aster tibialis Nees. Europe, the Orient 

Phaeo genes nigridens Wesm.^ Europe, the Orient 



^ Species on a maintenance basis. 

Of this number, 7 are considered as being on a maintenance 
basis at one or more points, as determined from information ob- 
tained in all surveys made through 1940. Of the remaining 14 
species, some have shown initial establishment following current 
releases, whereas others have never been recovered. 

The discussions which follow give the essential information on 
all parasites introduced prior to January 1, 1941. 

IMPORTED PARASITES IN A MAINTENANCE STATUS IN THE 

UNITED STATES 

Lydella stabulans grisescens R. D. (Fig. 16) 

Order: Diptera. 

Family : Larvaevoridae. 

Imported from : Europe and the Orient. 

Preferred host stage : Fourth-instar larva. 

Method of parasitization : Ovoviviparous ; deposits living larva 
in frass at entrance to borer tunnel. 

Hibernation: Second-instar lava within mature borer; rarely 
as a first-instar larva. 

Considerable confusion has existed as to the systematic identity 
of this and a closely related species indigenous to the United 
States. For a number of years the two were considered as mor- 
phologically identical and, following the importation of the Euro- 
pean species, references to the native parasite on several stem- 
boring lepidopterous larvae were noted under the name Masicera 
senilis Meig. 

Thus, Masicera senilis is listed by Decker {12) as parasitic on 
the stalk borer {Papaipema nebris (Guen.) ) and Luperina stipata 
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(Morr.), by Breakey {0) on Macronoctus onusta Grote, and by 
Lowry {22) on Papaipema nebris (Guen.). An exhaustive study 
by E. W. Beck revealed that the claws on the hind tarsi of the 
male showed valid diagnostic characters. Attention was called 
to this character by Villeneuve^^ soon after the first importa- 
tion of the foreign species. He pointed out that the claws on the 
hind tarsi of the male were longer and more slender in the species 
autochthonous to the United States and the species he called 




Figure 16. — Ly della stabulans grisescens: Ay Adult female, x 9; By female 
larvipositing in frass at entrance to European corn borer tunnel, x 9; 
Cy third-instar larva emerging from rupture in ventral side of thorax of 
host (European corn borer), x 6; Z), distribution in the vicinity of Taun- 
ton, Mass. Surveyed area is indicated by solid line. 

Lydella nigrita. This differentiation was apparently overlooked 
in later determinations, for it is L. nigrita to which Decker et al. 
have reference, and not the exotic species, Lydella stabulans 
grisescens, formerly called Masicera senilis. A short description 
of the species and a brief account of its biology and seasonal 
history in Europe have been published by Thompson and Thomp- 
son (37). Further knowledge of its habits and biology has been 
obtained from studies made in the United States for the purpose 
of perfecting handling and colonization technique. 



Villeneuve, George. Personal communication to H. L. Parker, August 17, 
1931. 
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BIOLOGY 

Longevity of Adults 

A. study was made of 4 groups, each consisting of about 20 
male and 20 female adults. These groups were considered similar 
in every respect, having emerged on the same date, and mated at 
the same time, and were handled in the same manner at a tem- 
perature of 80° F. and 70 percent relative humidity. The only 
apparent variation of the groups was the food supplied the dif- 
ferent groups. This consisted of water, honey, sugar solution, 
and granulated sugar. All groups were supplied with water, 
which was replenished daily. 

Food was evidently a necessity, because the flies soon died 
v/hen given water only. Sugar solution proved to be the best food, 
but there was very little difference in the food value of sugar 
solution and dry sugar. The average number of days the adults 
lived when fed the four different foods was as follows: Water 
only, 5.6; honey, 10.5; sugar solution, 16.9; and granulated sugar, 
14.0. The life of the males was from 1 to 7 days shorter than 
that of the females. 

Longevity of Females Given an Opportunity to Larviposit 

Females (fig. 16, A) given an opportunity to larviposit did not 
live longer than those prevented from doing so. Food supply 
was not considered so important in this case, as the females feed 
considerably on the juices of the host plants, and this undoubtedly 
would be reflected in the length of life. The average length of 
life of 10 virgin females fed granulated sugar was 13 days. 

Coition 

Females were observed to copulate within a short time after 
emergence, even before the wings were completely spread. The 
males apparently are not sexually mature at the time of emerg- 
ence, as newly emerged males never copulated, but 1 or 2 days 
after emergence they copulated freely. Rarely was a female 
observed to mate the second time. No courtship takes place. 
The male approaches the female and copulation occurs without 
hesitation. The male has been observed to settle upon the female 
directly from flight. Dissection disclosed that one mating of 
even less than average time spent in coition was ample to insure 
excellent fertility. 

Mating has been accomplished at temperatures ranging from 
68° to 85° F., with the optimum approaching 80°. When the 
higher temperatures prevailed (about 85°), the adults became 
very active, and this activity tended to prevent mating. It was 
controlled by supplying moisture and air circulation by means 
cf an electric fan, which had a very marked cooling effect and 
induced mating. The current of air caused the females to cling 
to the resting surface, and if properly regulated often brought 
about coition when other methods failed. Light of daylight in- 




56 



TECHNICAL BULLETIN 983, U. S. DEPT. OF AGRICULTURE 



tensity was essential for copulation. Temporary darkening of 
the mating cage was often followed by intense sexual activity. 

The data at hand showed no apparent correlation between the 
temperature and the time spent in copulation. The latter ranged 
from 5 to. 66 minutes, averaging approximately 25 minutes. 

Fecundity 

The greatest number of eggs observed in the uterus of a female 
■was approximately 1,000. This number is at least one-third 
higher than the average number of eggs per female. The number 
of eggs in the uterus was observed to vary directly with the size 
of the female. For example, 4 mated females of different sizes 
were selected, incubated 11 days, and dissected. The largest 
female contained 470 eggs, the next largest 400, the third 240, 
and the smallest 180 eggs. These females were all permitted to 
mate undisturbed until coition ceased naturally. The percentage 
of larvae or fertile eggs was practically the same in each group — 
85, 90, 95, and 90 percent, respectively. 

The length of time spent in coition varied greatly. To check 
the effect of this variation on the fecundity of females, an experi- 
ment was conducted, the results of which are shown in table 14. 



Table 14. — Effect^ of variation in length of coition period on repro- 
duction of Lydella stabulans grisescens 



Females 


Coition 

period 


Eggs laid 


Resulting larvae 


Number 


Minutes 


Number 


Number 


Percent 


2 


1.5 


30 


0 


0 


1 


1 to 2.5 


80 


0 


0 


8 


4_ 


1,655 


139 


8.4 


2 


5_ 


600 


309 


51.5 


9 


6_ 


3,435 


1,701 


49.5 


6 


8_ 


1,480 


996 


67.3 


6 


15-66 


2,800 


2,341 


83.6 



The females were held under controlled conditions of 80° F. 
and 70 percent relative humidity, and were dissected at the end of 
10 to 11 days. The table shows an increase in the number of 
eggs and larvae per female as the duration of coition increased, 
indicating that this factor influences the number of eggs that 
pass from the ovaries into the uterus and also the percentage 
of fertility. Probably because of individual variation, the data 
do not show proportionate perfect correlation between the num- 
ber of minutes spent in coition and the number of offspring. 

Gestation 

The reproductive system of the female is similar to that of most 
of the larvaevorid parasites that retain the eggs until they are 
incubated. It consists of two ovaries, the oviducts of which unite 
to form the uterus. At the junction of the uterus and the ovi- 
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ducts are two accessory glands and three amber-colored pear- 
shaped bodies, the spermathecae, which are joined to the uterus 
by slender tubules. In a virgin female the uterus is small and 
very short, and is covered with a mass of tracheal tubes. After 
the females have mated, the uterus becomes filled with eggs and 
is many times its original size. In females having an average 
length of life, the ovaries become shriveled and almost disappear. 
The eggs are retained in the uterus until they have incubated. 
The larva is active within the egg and can be seen moving its 
mandibles. 

The ovaries are of the meroistic type, and consist of 39 to 59 
ovarioles per ovary. The eggs pass into the uterus and are 
packed in one layer, each parallel to the longitudinal axis of the 
others with the anterior ends of each to the same side. When 
filled to capacity, the uterus is curved into a half -moon shape. 

Lydella stabulans grisescens has never been observed to repro- 
duce parthenogenetically. Only rarely were large numbers of 
eggs found in the uterus of virgin females, although it was com- 
mon to find from 10 to 25 eggs, all infertile. Soon after the fe- 
m.ales mated, the eggs began to pass from the ovaries to the 
uterus and this continued for several days. Many mated females 
were dissected and the uterus was found to be filled with infertile 
eggs. 



Larviposition 

A Lydella stabulans grisescens female larviposits either directly 
into the host’s burrow at the opening or in the frass and excre- 
ment that cover an opening. Occasionally, the larvae are de- 
posited upon the stalks a short distance from the burrow, or, more 
frequently, in frass which does not cover a host tunnel. Females 
that have been given an opportunity to larviposit but have passed 
the incubation period, will larviposit upon tiny pieces of frass, 
and will continue to larviposit at the same spot after the frass 
has been removed. The urge to larviposit is so great that little 
stimulus is necessary to cause the females to scatter their larvae 
promiscuously. 

A female, when larvipositing, stands over the opening to the 
host’s burrow and bends her abdomen under until the ovipositor 
is pointing downward and slightly forward, (fig. 16, B). The 
tiny larvae are forced out of the vent onto the surface or are 
brushed off with a quick downward and backward movement of 
the tip of the abdomen as the female regains her normal position. 

The females apparently are attracted to a corn borer burrow 
by the odor given off from the excrement and possibly from the 
host itself. The female runs hurriedly along a stalk and appears 
to be searching from side to side. Often when she comes upon 
frass she feeds a moment before larvipositing. 

In a laboratory test of real frass and burrows, in comparison 
with artificial frass and openings as stimuli inducing deposition, 
the parasites larviposited four times as often at a burrow con- 
taining a borer as at an artificial burrow covered with borer frass 
and excrement, and there was no deposition at artificial openings. 
Dried frass is equally as attractive as fresh, moist frass. 
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In a second experiment three pieces of uninfested stalk, each 
having an artificial burrow, were utilized. One burrow was par- 
tially covered with corn borer frass, another with artificial frass, 
and a third was left untreated. During a 30-minute observation 
period, 25 females larviposited 54 times in the real frass, 14 times 
in the manufactured frass, and 12 times at the uncovered hole. 
This fact indicated that the borer frass stimulated the females 
to larviposit, but the stimulus was not strong enough to attract 
the entire group to the one stalk. Odor is apparently the strongest 
stimulus, but another tropism must have enabled the females to 
find the other two openings. Care was exercised in making the 
artificial “burrows” to prevent any corn borer odor from emanat- 
ing from the stalks. 

One borer left its burrow and wandered about the cage, leaving 
a trail. Four depositions were observed upon the trail, and two 
females larviposited directly upon the borer. This deposition 
was believed to be accidental, however, as the females continued 
to larviposit in the frass and at the burrow from which the borer 
had crawled. 

In slightly over 1 hour, 15 females larviposited 191 times at 
3 burrows, a fact which indicated that they were not selective, 
for each female larviposited many times at the same burrow. 
The average number of depositions per female was 12.7. 

From 1 to 4 larvae were deposited at one time, with an average 
of less than 2. A total of 57 depositions were observed and the 
eggs and larvae in each were recorded. Seventy-seven larvae 
and 45 infertile or undeveloped eggs were deposited, with an 
average of 2.1 eggs and larvae per deposition. 

Mated females held in an environment of 80° F. and 70 percent 
relative humidity deposited the first larvae on the fifth day after 
mating, and also deposited infertile eggs and a few undeveloped 
ones. Normally, Ly della stabulans grisescens deposits the larvae 
and the empty eggshells at the same time. 

Hatching does not take place in the uterus, but during the act 
of larviposition. Rarely did an egg hatch after deposition, for 
usually these eggs are infertile or contain dead or very weak 
larvae. The larvae or eggs are deposited indiscriminately in the 
order in which they occur in the larval sac. The eggs nearest 
the genital opening develop first, and unless an opportunity is 
given for larviposition the eggs are retained in the uterus. When 
this happens, hatching sometimes takes place within the uterus, 
and the larvae work their way either out of the genital opening 
or through the body of the mother, eventually causing her death. 
Larvae have been observed in the eyes of a dead female which, 
a few hours before, had been active and apparently normal. 

Parasite and Host Relationship 

All instars of Pyrausta nubilalis, excepting the first, were suc- 
cessfully parasitized by Lydella stabulans grisescens in the lab- 
oratory. The mortality due to parasitization of the smaller larvae 
apparently was not higher than in the last two instars. The size 
of the puparia depended on the size of the host, the largest borers 
producing the largest puparia. The fourth-instar borers had 
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the highest percentage of parasitization and were judged to be 
the most suitable hosts for parasitization. 

In a study utilizing various sizes of borers, only 24 percent of 
those in the second and third instars were successfully parasitized, 
whereas approximately 54 percent of fourth- and fifth-instar 
borers produced parasites. 

Larval Habits and Development 

The larva of the internal parasite Lydella stabulans grisescens 
passes through three instars, but is sessile only in the second. 
The first-instar larva exists from one to several hours as a free- 
crawling individual seeking its host. The third-stage larva be- 
comes unattached as soon as its host dies. It makes contact 
directly with the air for oxygen and, to a certain extent, depends 
on locomotion to obtain food within the host remains. 

When larvae are permitted to develop at a constant tempera- 
ture of 80° F. and 70 percent relative humidity, the first-instar 
period averages 3.12 days in length, the second 2.19 days, and 
the third 2.72 days, or a total of 8.03 days. 

Under normal conditions the first-instar larva is deposited 
upon the corn plant, near a burrow opening, in frass thrown out 
by the host. It immediately enters the_ burrow and seeks its host. 
A burrow in a green plant is very moist, a condition vital to the 
success of the larva in finding its host. In the laboratory larvae 
in dry stalks soon become entangled in dust and small particles 
of frass, which cling to the moist skin. They become sluggish 
and apparently exhausted with efforts to free themselves. How- 
ever, if moisture is applied the larvae continue to crawl about for 
several hours and have been kept alive in green stalks 36 hours. 
Contact moisture is therefore beneficial to the larva from the time 
it is deposited until it reaches its host and is able to enter. 

The parasite larva has been observed to enter the host through 
a spiracle, the integument between segments, and the anus. The 
mouth parts are well adapted for cutting through the chitin, hav- 
ing a sawtooth edge and being very sharp. The activity of the 
larva entering its host often causes the host to squirm or wriggle 
and bite the area the larva is attacking. At times, the host larva 
dislodges the parasite or injures it so that it fails to gain entrance. 

After entering the host, the larva works its way to one of the 
main tracheal trunks, which it punctures, apparently by cutting 
with the mandibles. It then forces the posterior end containing 
the stigmata into the opening, and remains in this position until 
the host is practically grown. The irritation caused by the larva 
induces an excessive proliferation of the tracheal epithelium cells, 
which form a sheath about the parasite. This sheath is heavily 
sclerotized for about one-third of its length at the base. The 
sclerotized part is dark and opaque, whereas the remainder is 
translucent to transparent. Occasionally, the sheath completely 
envelops the larva, especially in a hibernating or diapause host. 
Practically all the larvae are attached in the anterior half of the 
host. 

During the first and second instars the larvae feed almost en- 
tirely on the body fluids of the host and do not injure the fatty 
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lobes and internal organs. The third-instar larvae feed on the 
fatty tissue and, just before issuing, consume most of the internal 
organs. Immediately upon the death of the host, the parasite 
leaves the sheath and forces an opening in the skin of the host. 
In most of the observations the opening was made ventrally 
through the first thoracic segments. The larva continues to feed 
and obtains oxygen directly from the air by forcing its anal stig- 
mata out of the opening. 

When it has finished feeding, the larva leaves the host remains 
through the rupture in the skin (fig. 16, C) and forms a puparium 
in contact with the host skin or in its immediate vicinity. 

For 92 individuals reared in an incubator chamber maintained 
at 80° F. and 70 percent relative humidity, the period from time 
of parasitization to emergence of the adults averaged 15.85 days. 
That of 43 males averaged 14.86 days and that of 49 females 
16.71 days. The males emerged first and mating did not usually 
take place until the second and third days. The females ap- 
parently were ready to mate immediately upon emergence but 
the males required a period of about 2 days to become sexually 
mature. The difference in the life cycle of the sexes holds true 
in both the larval and pupal stages as follows: Larval stage, 
males 7.02 days, females 8.08 days ; pupa, males 7.83 days, females 
8.63 days. In small lots the numbers of males and females are 
practically equal. 

SEASONAL HISTORY 

Studies on the seasonal historj^ of Lydella stabulans grisescens 
were conducted during the years 1930 and 1931. Borers were 
collected in the spring before insect activity began, and collection 
was continued throughout the year at regular intervals until all 
activity had ceased in the fall. These borers were carefully dis- 
sected in the laboratory and observations were made as to the 
trend of the parasite’s larval development. In conjunction with 
these studies a series of cage experiments was conducted and the 
information thus obtained was used to interpret the significance 
of the more generalized field observations. 

Cages 10 by 6 by 6 feet (fig. 17), utilized in the seasonal his- 
tory studies, were placed over corn artificially infested with 
European corn borer larvae. The parasites were then liberated 
in the first of a series of two cages and observations on the first 
generation were made. All adults that emerged in the first- 
generation cages were transferred to the second cage and observ- 
ations were repeated for the second generation. These observa- 
tions, including dissection of corn borer larvae taken from the 
two cages, were then compared with records of observations made 
in the field. 

Although no full account of these cage experiments is given 
in this paper, the data obtained in this manner were of great 
value in interpreting field observations and they supplied in- 
formation supplementing field observations materially. Data on 
emergence were augmented by records from large screened cages 
located at Monroe, Mich., and at Bono and Sandusky, Ohio. 

Lydella stabulans grisescens hibernates in the larval stage in- 
side the host, usually in the second instar, although a few remain 
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in the first instar. During the hibernation period they are at- 
tached to a main tracheal trunk of the host, as illustrated by 
Thompson and Thompson (37), and are nearly or completely 
enclosed by a sheath which is a growth from the tracheal epi- 
thelium of the host. During this period the parasite feeds only 
on the blood in the body cavity and the host does not appear to 
suffer any harm. The parasitized larvae are indistinguishable 
from the unparasitized ones unless the heavily sclerotized and 
blackened portion of the tracheal sheath is visible as a black spot 
through the skin of the host. 

Lydella stabulans grisescens has two generations annually, the 
adults of the second generation emerging in the spring of the 
following season. The overwintered larvae do not develop beyond 
the second instar until the following spring. The diapause ten- 
dency is not restricted to the second generation, for a small per- 
centage of the first generation enter diapause in the first and 
second instars, and overwinter in a manner similar to those of 
the second generation. Spring development begins early in April 
and the third-instar larvae are in evidence by the middle of the 
month. The appearance of third-instar larvae within the host 
is followed by first issuance of the parasite about May 15 and 
subsequent first-adult emergence the last of May. 

r . — 




Figure 17. — Large outdoor cages for biology studies of European corn borer 

parasites. 



COLONIZATION 

Material for colonization of this species has been imported 
from both Europe and the Orient. This tachinid fly was among 
the first parasites of the corn borer to be imported, a small colony 
of 70 adults having been released at Watertown, Mass., in 1920. 
Since then it has been more widely colonized than any other of 
the introduced parasites. As shown in table 15, all the earlier 
colonies were located in New England, and a considerable number 
bf the earliest, consisting of European stock, in northeastern 
Massachusetts. By 1930 parasitization in this locality had in- 
creased to the point where it was feasible to collect for further 
distribution. During the 7-year period 1930-37 over 14,000 
adults were taken from eastern Massachusetts for colonization 
elsewhere. 



■Numbers of Lydella stabulans grisescens adults released in the United States, 1920-40 
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Table 15. — Num 


State and County 


Michigan — ContM. : 
Macomb 
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Do 
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FIELD STATUS 

When introduced into the Lake States area in 1927, Lydella 
stabulans grisescens showed good initial establishment on the 
1-generation strain of the borer. Maintenance was obtained, 
however, only in close proximity to Lake Erie. Surveys made 
over a number of years demonstrated that not only was this 
parasite confined to districts contiguous to the Lake, but it was 
specifically confined to sections bordering on fresh-water marsh- 
land. No explanation for this definite association with the marsh 
has been obtained to date. A study of the more or less closely 
related insect fauna of the marsh has revealed no alternate host, 
a fact which might explain the concentration of the species in 
such districts. L. stabulans grisescens never has been recovered, 
so far as is known, from any host other 'than Pyrausta nubilalis 
in the United States, nor has the closely related native species 
Lydella nigrita ever been reared from P. nubilalis. All larvae 
and puparia not referable to adult males and all female flies are 
therefore determined as L. stabulans grisescens if reared from 
P. nubilalis and as L. nigrita if obtained from any other host. 

In the vicinity of certain release points located near marshland, 
notably those in Jerusalem Township, Lucas County, and Perkins 
Township, Erie County, Ohio, and in Erie Township, Monroe 
County, Mich., parasitization by this species has increased more 
than anywhere else in the United States and compares very favor- 
ably with the highest records from the countries of its origin. 
Surveys conducted at the close of the 1938 season showed that 
equilibrium between host and parasite had not been reached prior 
to that year at any of the three above-named points. The data 
on parasitization at the Jerusalem Township, Lucas County, re- 
lease site (table 16) indicate the steady increase in density near 
the liberation center. 



Table 16. — Annual fall parasitization of the European corn borer 
by Lydella stabulans grisescens at the Jerusalem Township, 
Lucas County, Ohio, release point 



Year 


Parasitization within radius of release 


3.5 miles 


7.5 miles 


1932 

1933 
1 


Percent 


0.3 


Percent 




2.8 






6.3 




1935 




7.6 


4.4 


1936 




10.0 


7.0 


1937 

1938 




17.1 

20.9 


9.6 

13.0 



Collections made in 1938 to determine the distribution of 
Lydella stabulans grisescens in the vicinity of marshland along 
the bays and inlets of the Lake Erie and Detroit River shore line 
showed this larvaevorid to be present in greater or less density 
from the Huron River east of Sandusky, Ohio, to the outskirts 
of Detroit, Mich., a distance of over 130 miles. Within this strip 
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are several release points, and the survey show^ed a fairly uniform 
decrease in density of the parasites as the distance from the re- 
lease points increased, indicating that dispersion was still taking 
place. This is further borne out by data from the Jerusalem 
Township, Lucas County, site, which was surveyed in 1938 by 
utilizing a polar-coordinate design, the three inner rings of which 
were 1 mile and each of the outer two, 2 miles wide, shown in the 
following tabulation : 

Borers parasitized 

. Percent 



- X C' / VO IVl/ 

Area surveyed: 

Inner circle 24.6 

First ring 22.4 

Second ring 10.7 

Third ring < 2.1 

Fourth ring 0*1 



Average I4 5 



At this location the five highest percentages of parasitization, 
principally by Lydella stabulans grisescens, were 81.8, 81.7, 61.4, 
58.8, and 57.1. Eleven of the sections showed parasitizations of 
over 40 percent. 

While making borer collections in the fall to determine the 
status of parasites, puparia of the first generation of Lydella 
stabulans grisescens were encountered. In the Lake States area 
all ectoparasites and endoparasites that had issued from the 
hosts prior to the collection were included in the samples, since 
such parasites were responsible for the death of borers which, 
excluding other mortality factors, would have overwintered and 
produced moths the following spring. In 1938 in this area, a 
greater proportion of L. stabulans grisescens had issued from 
their hosts prior to the time of collection than in any of the pre- 
ceding 4 years. 

The total Lydella stabulans grisescens that issued prior to the 
October collection in the years 1934, 1935, 1936, 1937, and 1938 
were 63.8, 64.6, 83.8, 72.1, and 86.3 percent, respectively. 

There was a considerable variation in the proportion of para- 
sites issuing prior to October each year, that of 1938 being about 
35 percent greater than the proportion in 1934. The cause of 
this variation is not known, nor was its effect on the next genera- 
tion observed. Each year a certain proportion of the puparia 
taken in the field in October was found to have been attacked by 
hyperparasites. In 1938 14.1 percent were hyperparasitized. 
Prior to collection, adult chalcids had emerged from over 80 per- 
cent of the puparia so attacked. Parasites in the remaining pu- 
paria hibernated and emerged in the incubator room soon after 
beaig placed in a developmental environment in March. The 
aveisge number of hyperparasites per puparium was 7.9. 

Apparently there was no association between the proportion 
of hyperparasites overwintering in the puparia and the locality 
from which they were collected. Chalcid adults reared from 
Lydella stabulans grisescens puparia were determined by C. F. W. 
Muesebeck as Eupteromalus dubius (Ashm.). It was noted that 
the hyperparasites could attack the puparia successfully when 
no metamorphosis had taken place or when transformation had 
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progressed to the point where setae and appendages of the adult 
fly were well developed. 

All puparia from which adults had not emerged at the time 
collections were made in October, except those attacked by hyper- 
parasites, were found to have died from an unknown cause. Most 
of the specimens from the Ohio shore of Lake Erie had died after 
transforming to adults, whereas those from Michigan had died 
while still in the larval stage. This fact seems to indicate that 
the puparia were killed at the advent of cold weather and that 
those originating in a slightly warmer district had time to de- 
velop further than did those collected at points farther north. 

The percentage of dead and hyperparasitized puparia in 1938 
closely approximated those of 1937, when 20.68 percent of the 
total had failed to emerge and 11.51 percent were killed by hyper- 
parasites. Thus a mortality of approximately one-third of the 
puparia formed before winter appears to be the normal occur- 
rence and may constitute an intrinsic weakness restricting the 
rate of increase of Lydella stabulans grisescens in the Lake States. 

In the Eastern States area, association of Lydella stabulans 
grisescens with marshland is not so clearly demonstrated, the 
parasite being more generally and uniformly distributed. 

In the vicinity of the earliest release points, that is, those cen- 
tering at Malden, Mass., releases were made yearly throughout 
the period 1920-32, except in 1923 and 1924. It is not definitely 
known when initial establishment at this point was effected. 

The first record of this parasite’s recovery was in the spring 
of 1927 from Saugus, Mass., but it may have become established 
prior to that date and following its initial release. In 1928, 1929, 
and the first part of 1930, Lydella stabulans grisescens was the 
most abundant parasite in this area, but later this position was 
assumed by the imported ichneumonid Horogenes punctorius. 
However, L. stabulans grisescens was more or less abundant each 
year up to 1938. In the fall of that year it was found that this 
larvaevorid had almost entirely disappeared from a considerable 
area northwest of Boston, where it had formerly been abundant. 
Only a single specimen was recovered from a collection of over 
3,000 host larvae. The species was found to be present in 1938 
at all other points at which it had been released. 

In the vicinity of Taunton, Mass., where a survey was made 
in 1938 covering an area of about 1,600 square miles and includ- 
ing the territory influenced by the release points at Bridgewater, 
Dighton, and Swansea, Mass., and at Portsmouth and East 
Providence, R. I., this parasite was found to be more evenly dis- 
persed than previously. It was recovered from 52, or 50.5 per- 
cent, of the 103 collections in 1938, as compared to 31, or 32.3 per- 
cent, of the 96 collections from approximately the same area in 
the fall of 1937. The average parasitization of borers in this 
area increased from 1.2 percent in 1937 to 5 percent in 1938. 
The area over which it was found was also somewhat increased. 
Figure 16, D, shows the distribution of Lydella stabulans grises- 
cens around Taunton, Mass., as determined by the fall surveys 
made in 1937, 1938, and 1939. 

At East Hartford, Conn., where adults from both Europe and 
the Orient were released in 1934, Lydella stabulans grisescens was 
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recovered from 12 of the 36 collections made within a 4l^-mile 
radius of the point in 1938. Within 6 years after its release, it 
had dispersed to the limit of the area surveyed in 1940. The 
highest parasitization was recorded from a field at the periphery 
of the surveyed area. The exact extent or rate of spread is not 
known. 

At the Atlantic, N. J., site, where Lydella stabulans grisescens 
was released in 1935, small numbers have been recovered each 
year. 

On the Eastern Shore of Virginia colonies of this parasite were 
released at two sites in 1935. At one of these sites, Lee Town- 
ship, Accomac County, this larvaevorid was recovered at the 
close of the 1938 season from all but 3 of the 40 collections made 
within a circle 9 miles in diameter, centering at the release point. 
The average parasitization was 9.5 percent of the 1,879 host 
larvae observed from the 64-square-mile area surveyed, as com- 
pared with only 0.6 percent in a smaller area in the fall of 1937. 
Not only was there a decided increase in the percentage of borers 
parasitized (possibly partly due to a greatly decreased host 
population), but an extensive dispersion of Lydella stabulans 
grisescens also took place. Although the area surveyed was in- 
creased from approximately 38 square miles in the fall of 1937 
to over 60 square miles in 1938, the number of parasites obtained 
from hosts collected near the boundary of the area indicated that 
the parasites had dispersed beyond its limits. This is also indi- 
cated by the fact that L. stabulans grisescens parasitized as great 
a proportion of the borers near the periphery of the survey as 
in the central district. This information is summarized in table 
17. The center circle, 1 mile in diameter, was surrounded by 
4 rings, each 1 mile wide. 



Table 17. — European corn borer parasitization by Lydella stabu- 
lans grisescens in Lee, Va., area, fall of 1937 and 1938 





European corn borers 


Area surveyed 


Observed 


Parasitized 


1937 


Number 


Number 


Percent 


Inner circle 


77 


9 


11.7 


Second circle 


439 


28 


6.4 


Third circle 


687 


61 


8.9 


Fourth circle 


357 


48 


13.4 


Fifth circle 

1938 


319 


33 


10.3 


Inner circle 


516 


37 


7.2 


Second circle 


1,203 


98 


8.1 


Third circle 


1,560 


146 


9.4 


Fourth circle 


1,879 


179 


9.5 



The district surveyed in the fall of 1938 at Lee, Va., extended 
almost across the rather narrow peninsula that constitutes the 
Eastern Shore of Virginia. The shores of this peninsula are 
bordered by extensive marshlands, with numerous creeks extend- 
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ing throughout the area, and it is in such ecological habitats as 
this that Lydella stabulans grisescens has been most effective in 
the Lake States. An examination of the data does not indicate 
greater effectiveness of the parasite in collections made very near 
marshland, but the marshland influence may extend throughout 
the area surveyed. Because of its recent establishment in this 
area, the parasite probably has not yet reached its equilibrium 
position. 

It is believed that the dispersion of Lydella stabulans grisescens 
in the Lake States area closely approximates the entire extent 
of the parasite’s range in that area at the close of the 1938 season. 

In the east, ho'wever, the area inhabited by Lydella stabulans 
grisescens, as determined by the 1938 surveys, may represent 
only a portion of the parasite’s total range. Most of the colony 
S3tes in the Eastern States have never been examined and at a 
number of them this parasite may be present, since no known 
environmental limitation restricts the establishment of the spe- 
cies in the East as the absence of marshland apparently does in 
the Lake States. 



SHIPMENTS OF LYDELLA STABULANS GRISESCENS TO OUTSIDE LABORATORIES 



During the progress of colonization activities, some shipments 
of adults of Lydella stabulans grisescens were made to labora- 
tories other than those concerned with corn borer activities. 
The material usually became available in connection with coloni- 
zation of other species. In 1935, 10,000 adults were shipped to 
Houma, La., for a test release against the sugarcane moth borer 
(Diatraea saccharalis F.). In the same year 10,000 adults were 
shipped to Tempo, Ariz., for a test release against the southwest- 
ern corn borer (D. grandiosella Dyar) . In 1936, 3,000 adults were 
sent to Mayaguez, P. R., for testing against the sugarcane moth 
borer. In 1937 a consignment of 405 adults of this larvaevorid 
were shipped to Presidio, Tex., to combat the pink bollworm 
(Pectinop flora gossypiella Saund.). 



RESUME OF THE STATUS OF LYDELLA STABULANS GRISESCENS 



Over the entire corn borer infested area Lydella stabulans 
grisescens probably kills more borers than does any other im- 
ported parasite. It reaches its maximum effectiveness in the 
immediate vicinity of the marshland bordering the shore line at 
the western end of Lake Erie and along the Detroit River. How- 
ever, in the Lake areas, unless climatic or other factors change, 
producing conditions more favorable to the parasite than those 
that have existed since colonization, probably L. stabulans gri- 
sescens will not increase to a level of economic importance except 
in a limited area adjacent to marshland. One factor that may 
increase its general effectiveness is the tendency of its host in 
the Lake States toward an increasing prevalence of a 2-generation 
habit. 

It appears possible that in areas in the United States where 
the borer has more than two generations a year, Lydella stabulans 
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grisescens may become an effective factor in control. This is 
indicated by a report from Guam. A stock of L. stabulans gri- 
sescens {Ceromasia lepida {Masicera senilis) ) had been collected 
in Japan by C. A. Clark and shipped to Guam in 1930. Vanden- 
burg (JfS) states: “It [Ceromasia lepida] appears to be a very 
efficient parasite under these conditions, approaching the danger 
point of self-extermination in the most favorable localities”. 

This parasite disperses at a maximum rate of about 2 miles 
per year in the Lake States area, and probably much faster in 
parts of the East. 





Figure 18 . — Horogenes punctorius: A, adult female, x 5; B, mature lai'va, 
X 8; C, cocoon with host (European corn borer) i>e*nains. 




BIOLOGICAL CONTROL OF THE EUROPEAN CORN BORER 75 



Horogenes punctorius (Roman) (Fig. 18) 

Order: Hymenoptera. 

Family : Ichneumonidae. 

Imported from : Europe and the Orient. 

Preferred host stage: Second-, third-, and fourth-instar larvae. 

Method of parasitization : Oviparous; eggs laid free m body 
cavity of host. 

Hibernation : First-instar larva within mature host larva. 

No treatise dealing specifically with the life history or biology 
of Horogenes punctorius has been published. The following in- 
formation on the biology and habits of this ichneumonid was 
obtained in the United States, either through research directed 
to that end or incidentally during colonization activities. 

ORIGIN 

Adults of this species for colonization in the United States 
originated in Europe and the Orient. In each of these regions 
Horogenes punctorius was found in both the 1- and the 2-genera- 
tion areas of the host. In Europe it is more abundant in the 
warmer sections, where the host has two generations eacm year 
and all the material imported into the United States from Europe 
was contained in 2-generation hosts. In the Orient, however, 
H. punctorius is important only in the colder sections, and most 
of the importations were from the 1-generation area. 

DESCRIPTION OF STAGES 

Adult 

The original description of Horogenes punctorius, under Angi- 
tia (Dioctes) punctoria n. sp., is given by Roman {29, pp. 171- 
172). Reproductions of the original descriptions, together with 
additional notes which are helpful in classifying the species, were 
published by Ellinger and Sachtteben {13, pp. 116— 117 ^ IJi-). It 
more closely resembles Cumpoplex ulJccte than ^^y other corn 
borer parasite, but, since it has no areolet in the torewings, it 
can readily be distinguished from that species. 

Egg 

The egg of Horogenes punctorius 18 hours after deposition 
averages 0.730 mm. long by 0.173 mm. wide at the larger end 
and 0.147 mm. wide at the narrow end. It is oval arcuate, with 
broadiy rounded ends. It is white, and there are no spines, proc- 
esses, or markings of any kind on the chorion. The egg does not 
turn dark brown at the end of a few days, as does that of Campo- 
nleoc cillccLe. 

Dissections, at 4-hour intervals, of European corn borer larvae 
parasitized in the laboratory and reared at a temperature of 80 
F. and 70 percent relative humidity showed that Horogenes punc- 
torius eggs hatch in 32 hours. 
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First-instar Larva 

The primary larva is of the typical ichneumoniform type. It is 
cylindrical, with no segmentary spines, tubercles, or appendages. 
The head is heavily chitinized, and there are 13 body segments. 
The last abdominal segment is prolonged into a conical pointed 
tail about half as long as the rest of the body. 

Second-instar Larva 

The secondary larva is larger and has a less heavily chitinized 
and more rounded head than the primary larva. At the time 
of molting into the second instar the tail process is lost. It is 
not absorbed by the larva. 



Figure 19. — External structures and markings of heads of last-stage larvae : 
A, Campoplex alkae; Horogenes punctorius, x 133. (Vance and Smith, 
42). 

Mature Larva 

The general color of the mature larva is a dirty white. It is 
subcylindrical and tapers slightly anteriorly and posteriorly (fig. 
18, J5). In gross appearance it is similar to the larva of Campo- 
plex alkae, the chief differences appearing in the characters 
around the buccal regions. The front views of the head capsule 
of the third-stage larva of C. alkae and Horogenes punctorius are 
shown in figure 19, wherein the following differences between the 
two species may be noted. 

1. Interior angle at union of tip of mandible with its base obtuse 
or rounded; ligular sclerome extensive, broadly approximat- 
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ing dorsal ends of labio stipital sclerome; stipital sclerome at 
median point as broad or broader than hypostoma. 

Horogenes punctorius 

2. Interior angle at union of tip of mandible with its base acute 
and clearly defined; ligula sclerome, small and subcrescent 
shape ; stipital sclerome at median point narrower than hypo- 
stoma. Campoplex alkae 



Cocoon 

The cocoon of Horogenes punctorius is uniformly dirty white 
and consists of a closely woven outer covering of silk threads 
enveloping a dark-brown, glossy, secretitious lining (fig. 18, C). 
Its average dimensions are 11.3 by 3.5 mm. Apparently there 
is no difference in color or texture between the first- and second- 
generation forms. The H. punctorius cocoon normally lacks the 
light-colored band noticeable in cocoons of Campoplex alkae, but 
an occasional H. punctorius cocoon shows a slight trace of this 
band. The exit hole is usually made at the end of the cocoon, 
the entire end being gnawed away at the time of emergence. 

BIOLOGY 

Mating 

Both males and females mated on the day they emerged. The 
males copulated at any time throughout their life. Females were 
observed to mate only during the first 3 days after emergence. 
Mating was obtained in the laboratory in a cloth-covered cage, 
with one end directed toward and close to a window. Copulation 
was noted at temperatures between 70° and 82° F. No attempt 
was made to ascertain the temperature limits at which the para- 
sites would mate. After males had been placed with females in 
a cage, they usually mated within 5 to 30 minutes, but in one 
cage 55 minutes and in two other cages 4 hours elapsed before 
mating took place. 

Copulation was always preceded by certain activities. The 
male, after becoming aware of the presence of the female at a 
distance usually less than 1 inch, approached her slowly with 
rapidly vibrating wings. This vibration sometimes continued 
almost a minute, as the male gradually came closer. He then 
stroked the female with his antennae and, unless she resisted, 
copulation took place. When in coitu the female remained quiet 
for a time except for a slight vibration of the antennae. The ovi- 
positor, which normally is in a horizontal position, extended ver- 
tically after contact was made. During copulation the male faced 
in the direction of the female with the abdomen thrust forward. 
In most cases after being in coitu a few minutes the abdomen of 
the female was jerked rythmically, the pulsations being about 
1 per second. In 56 instances observed in the laboratory the 
average length of time the adults remained in coitu was 7.9 
minutes. 
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At the end of the mating period the female often dragged the 
male a considerable distance before they separated. An unmated 
female often resisted mating attempts by pushing the male off and 
walking or flying away. A female that had mated normally, how- 
ever, would turn on the male and actively attack him and attempt 
to sting. Such action differed markedly from the passive resistance 
shown by unmated females and is a good indication that females 
normally mate but once. This view is supported by the fact that 
only one female was observed to mate twice and this wa-s ac- 
complished only after many attempts. The males will copulate 
several times and will court mated or unmated females without 
discrimination. 

Proportion of Sexes 

Of 141 individuals, the offspring of females mated in the lab- 
oratory, 34.04 percent were females. The sex proportions in 
material collected in Europe and shipped to the United States 
in the cocoon stage during the summer was almost opposite to 
that of the laboratory-reared individuals. In 5 lots of cocoons, 
totaling 986 specimens, received in August, 64.5 percent were 
females, but some males may have emerged in the field prior to 
collection. 

Oviposition 

The preoviposition period is normally of short duration. Suc- 
cessful oviposition was obtained in the laboratory the day after 
emergence. The females oviposted in conflnement on either free- 
crawling larvae or larvae offered them on a cameFs-hair brush. 
They showed much interest in borer frass or webbing and also 
showed great ability to locate such material. One female flew 
out of the cage, circled the room, and returned to host material in 
the cage. 

Oviposition by Horogenes punctorius on host borers in their 
natural habitat was observed in life-history cages. These cages, 
screened with 24-mesh copper screening, measured 10 by 6 by 6 
feet and were set up over two rows of corn of six hills each (fig. 
17). The corn was artificially infested to produce a high popu- 
lation of host larvae. Females released in such cages showed 
interest in larvae webbed in the tassels. The ovipositors were 
thrust easily through the webbing and pierced the leaf sheath. 
The females also worked around frass at the entrance to tunnels. 
Although the larvae concealed among the tassel florets were more 
accessible, dissections of the host plants indicated that some, if 
not most, of the parasitized borers were in other parts of the 
plant. Stalks dissected at the end of the first week after adult 
parasites were released in the cage showed borers from various 
parts of the plant parasitized in the percentages shown in table 18. 

Most of the parasitized borers were in the middle of the plant. 
Although these borers may have migrated down the stalk after 
being parasitized in the tassel, the shortness of the time interval 
between the parasite releases and dissection of the stalk indicates 
that most, if not all, of them were in the same position when 
parasitized as when removed from the plants. These observa- 




BIOLOGICAL CONTROL OF THE EUROPEAN CORN BORER 79 



Table 18. — Parasitization by Horogenes punctorius of European 
corn borers dissected from different parts of host plant 



Plant part 


Number < 
Present 


of borers 
Parasitized 


Percent of total 
borers parasitized 


Tassell 

Stalk: 


5 


1 


2.5 


Upper third 


7 


4 


9.3 


Middle third 


23 


18 


44.0 


Lower third 


8 


3 


7.2 


Total 


43 


26 


62.5 



tions were made at Toledo, Ohio, on 1-generation hosts. In the 
East, where the 2-generation type of borer prevails, most of the 
cocoons of the first-generation parasites were found in the tassel 
stem; therefore either parasitization takes place in the tassel or 
tip of the cornstalk or the parasitized borers make a definite 
migration to this part of the plant. 

Horogenes punctorius deposits its egg free in the body cavity 
of the host larva. In both the laboratory and the field, females 
were seen to oviposit more than once in a single host larva. The 
supernumerary eggs hatched but the resulting larvae became 
encysted, turned dark, and died without developing. Before ovi- 
positing, the female touched with rapidly vibrating antennae the 
free-crawling host larva or the spot in webbing, frass, or leaf 
that she was investigating. The ovipositor and posterior end of 
the abdomen were then bent downward at a right angle, or slightly 
less, to the line of the body. The actual time required for egg’ 
deposition is very short. One female parasitized 33 larvae in 45 
minutes. When ovipositing on other than a free-crawling larva 
the female may repeatedly insert the ovipositor at different angles 
into the hiding place of the host until contact is made. Oviposi- 
tion was accomplished readily in second-, third-, and fourth-instar 
hosts, but with difficulty in fifth-instar hosts, apparently because 
of the toughness of the skin. When eggs were deposited in a 
mature borer, however, development of the egg and larva pro- 
ceded normally. 

Dissection of larvae in the field cages soon after parasite adults 
had been introduced showed that parasitized individuals were 
most numerous among the third-instar borers. This may have 
resulted from the greater accessibility of the third-instar or well- 
advanced second-instar borers, or from the selection of such 
borers by the parasite. 

That Horogenes punctorius females do not seek out the most 
heavily infested fields in preference to those less heavily infested, 
is indicated by data collected at Medford, Mass., in 1932. Two 
fields about 200 yards apart were infested at the rate of 5,120 and 
1,373 borers per 100 stalks, respectively. The parasitization in 
the more heavily infested field was 1 percent and in the other, 
4 percent, or about the same number of parasites per 100 stalks 
in each field. These percentages indicated that about the same 
number of parasites entered each field, since the low parasitiza- 
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tion, coupled with the high host population even in less heavily 
infested fields, probably reduced to a minimum the variation due 
to the search factor. 



Longevity of Adults 

Limited observations on 37 individuals indicated that female 
parasites live longer than males. The adults were fed granulated 
sugar and water and were confined in cages in an incubator room 
held at a temperature of 80° F. and 70 percent relative humidity. 
The average length of life of the males was 12.8 days. The life 
of mated females that were given opportunity to oviposit aver- 
aged 16.2 days, but the average for those that did not mate or 
oviposit was 26.5 days. In the field cages only females were found 
alive at the end of 10 days following introduction of 2-day-old 
adults. 

Parthenogenesis 

Viable eggs were laid by unmated females, but in all cages 
observed only males hatched from them. 

Larval Development 

Like the egg, the newly hatched larva fioats free in the body 
fluids of its host, and is carried to all parts of the host’s body. 
The larva spends most of its life in the first instar. When reared 
in the laboratory (temperature 80° F. and 70 percent relative 
humidity) , the average larval life of 225 individuals was 14.9 days, 
ranging from 10 to 29 days,* and 63.9 percent of the parasite larvae 
issued from their hosts on the twelfth to seventeenth day. 

Dissection showed that* the parasite did not pass from the 
first instar until the host had reached the fifth instar. Develop- 
ment in many instances was probably incited by physiological 
changes in the host larva as it prepared for pupation, because, 
although the host reached the fifth instar in the field in August, 
the parasite passed the winter as a first-instar larva. There was 
a distinct and appreciable tendency of the parasite to follow the 
diapause requirement of the host. On the single-generation type 
of host in the field, only a small percentage of the parasites devel- 
oped to adults during the summer, the others remaining in the 
first instar until the host became active the following year. Even 
in the laboratory there was great variation in the length of the 
instars of Horogenes punctorius larvae reared on single- genera- 
tion borers. Parasites in all instars were found in host larvae 
20 days after parasitizing them, although all the host larvae were 
reared under the same conditions, and were parasitized in the 
same instars by the same females. 

Parasitized larvae obtained from cornstalks in a field cage and 
placed in an incubator (80° F., 70 percent relative humidity) on 
January 6, produced the first cocoons 23 days later, the average 
time for 27 individuals being 32.1 days. Since the total length 
of the egg and larval stages under similar incubator conditions 
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averaged less than 17 days, it is apparent that there was a lag 
either in the incitation of development or in the rate of develop- 
ment produced by exposure to cold. Possibly the causative delay 
factor in the above instances originated in the host. 

Parasitization by Horogenes punctorius retards the growth of 
the host, even though the parasite larva remains in the first instar 
throughout the normal feeding period of the host and grows very 
slowly. After the first instar the parasite larva develops rapidly, 
spending but a few days in the second and third instars. The 
parasite usually issues from the anterior third of the host’s body, 
but before the termination of feeding it has consumed all but 
the head capsule and the shriveled larval skin. 

Cocoon Stage 

After the parasite has completed its feeding, it spins its cocoon, 
usually including the remains of the host in the loose strands of 
the outer envelope. The average length of the cocoon stage, as 
determined from records of 190 individuals (about two-thirds of 
which were males) reared at a temperature of 80° F. and 70 
percent relative humidity, was 9.4 days. Approximately 86 per- 
cent of the adults emerged on the ninth and tenth days after the 
formation of the cocoons. 



SEASONAL HISTORY 

The total period from deposition of the egg to emergence of 
the adult, based on observation of 190 individuals reared at a 
temperature of 80° F. and 70 percent relative humidity, was 25.3 
days. Dissection of host larvae taken in the field near Toledo, 
Ohio, showed very little development before the second week 
in June. Development is rapid after about June 10 and the first 
cocoon appeared on June 16. In field cages the first adult ap- 
peared on June 24, and this date coincides closely with that of 
field emergence as determined by field collections. In Ohio the 
average length of the life cycle of individuals that undergo one 
generation in the field in the summer is about 36 days. 



Hyperparasitism 

Cocoons imported from Europe in August were found to be 
parasitized by a number of hyperparasites. In none of the ship- 
ments, however, did the aggregate parasitization amount to 1 
percent of the total. The species involved were Gelis fraudulentus 
(Foerst), G. instabilis Foerst, Otacustes aestivalis (Grav.), and 
an undetermined chalcid. On cocoons of the summer generation 
in eastern Massachusetts a higher rate of hyperparasitization was 
noted in 1938, when 8 percent of the unemerged cocoons collected 
in the field were attacked by parasites. The three species obtained 
were Mastrus compactus (Ashm.), Itoplectis conqmsitor (Say), 
and Gambrus ultimus (Cress.). The last two species were re- 
corded, also, as primary parasites of the borer. 

828364°— 50 6 
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Table 19. — Horogenes punctorius adults released in the United States through December 31, 1940 — Con. 



84 



TECHNICAL BULLETIN 983, U. S. DEPT. OF AGRICULTURE 



s 

o 



00 lO lO 
O 00 
CD iO lO 



Ci O t- 00 00 00 CO 00 00 

rH (N O rH 00 05 Oi Oi Oi tH 05 05 

ID t^LO ID UO iD lO CO UO 

00 C<1 rH (N (N 



t- 00 (M 00 00 ^ 
00 05 t> t> 00 
ID LD LO IC UOIC 



l> 

00 

05 



ooooooooooo 



oooooo 



CD 

00 

05 



OlDO 

00 

ID 



o oooooooooooooo 

00 05 05 

iD ID ID 



l> 00 (M 00 00 tH 

00 05 t> i>- 00 
iD »D ID ID ID ID 



OOID 

CD 

iD 



!>• OOOOt-OOOOOOO 
tH 05 05 

ID IDiD 



OOOOOO 



00 

05 



O OOOOOOOOOOO 



ooooooo 



O OOOOOOOOcs t-O 
00 05 
04 00 
T— I 04 



OOOOOOO 



O 0005000000500 
00 (M 

ID eg 



O OOOOOOOOOOOO 

t> 



ooooooo 



ooooooo 



o 

00 

05 



O COOOOOOOOOOOO 

C> 05 

05 l> 



ooooooo 



05 

eg 

05 



O CDOOO ooooooo 
ID O 

eg 



ooooooo 



00 

eg 

05 



ooo o 



o ooooooooooo 



ooooooo 



eg 

05 



o ooooooooooo 



ooooooo 






I I I 
I I I 
I III 

I III 



I I I I I I 
I I I I I I 
I I I I I I 
' I I I I I 






PQQQQQW 



.S' 

w 



o 
- 

t: oS O 

pq<^pq 



I 

I 

I 

I 

<9 

a 

<9 



I I I I I I I I 



I I I I I 



I ^ I I I 

I ^ ^ 

! ^ 2 .S ^ 



^2 I 



LJ tr| Ph c« O OQ 



2 ^ 
3 ce 

I -M 
I 

!0 



I c I 

I ^ I I ^ i I 

0 ) bo I ' bo ' ' 

I m I I m S 3 

OQ ^ C/2 pq ^ PH 



o 

O 

& 

a 

0) 



I I 

I J3 

M . o 
S3 fl d 

I S 

|c3mSo 

'A 



o 

Eh 



is® 

I bo^ 

IS >>s.l 



>i 

TJ 

c3 

-M 






'g 



ce 

o 

H 



bo 



CD 
o ce 



S^ Q) c > 

<9 <9 

2<j<ioQpnw 

o 



588 1 0 1 0 I 588 




BIOLOGICAL <g®NTR®.L OF THE EUROPEAN CORN BORER 



85 



^^ 0 ?£)rJ<<X) 00 l 005 Tj< 000000 C 0 '^C 0 l 0 t-OiHC 0 

C 5 COCX)(NOOOOC<liOT— l 050 i'^C^I>Q 0 ? 000 Ol/ 3 (N 

lo th lo CO ^ lo (yy^ lo ^ CO lo to uo «£> t> tq^ 

C<r to TjT CO tH 

T — 1 


44,065 


707 


O 00 o o 

Ct* CO CO 05 
O O 1-^0 C<J^ 
tH CO TjT eg rH 


14,572 


575 

599 


OOOOOOOOOOOOO'^OOOOOO 

‘ t- o 

"TP CO 


1,074 


o 


o o o o o 


o 


575 

599 


OOCOOOOOtOO'^OOOOOOOtOOOOO 
00 00 <M ^ 05 CO 

to to to to to to 


6,835 


o 


o o o o o 


o 


OO 


ooooocoooooooooo oocooi>-ooo 

05 00 05 00 00 

to to to CO to to 


00 

00 

00 

CO 


o 


ooooo 


o 


o o 


oooooooooooooooooooo 


o 


o 


ooooo 


o 


o o 


OOOOOOOOOOOOOOOOOOtHCO 

to (M 
l> to 

CO T— ) 


5,274 


o 


O O CO o o 
CO CO 

CO 

eg 


3,066 


O o 


OOOOOOOOOOOOOOCOOOOOOOO 
CO to o 

tH 00 to 


13,569 


o 


O 00 00 o o 
CO 05 

'CO o 
CO tH 


CO 

t- 

00 


o o 


OOOfMOOOt-OOOOOOOOOOOO 
OO 05 

00 00 ^ 

(N 


7,779 


o 


1 o O O CO tH 

O CO 

to cg^ 

tH iH 


2,734 


o o 


OOO'^OOO-^OOOOOOOOOOOO 
00 CO 

to 

(N 


4,648 


o 


1 o o o eg 05 

00 


91 


o o 


OOOOOOOrHOOOOOOOOOOOO 

to 


511 


707 


1 ooooo 


o 


o o 


ooooooot>oooooooooooo 

(N 


27 


1 


1 O O O to o 

1 S 


505 


o o 


oooooooooooooooooooo 

CO 


460 


1 ^ 


ooooo 


o 


o o 



I I I I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I I I I 

pqddwHQQWQWQWOQwdHQHQ 






I I I I I 
I I I I I 
I I I I I 
I I I I I 

WOPWQ 



OQ 



I 



I 



1 1 



to 

pH 73 



I 1 



d I 



I I I i I 



I 



§ ' g.§ g ! ! 



S'S s I g^sS ^ g gs 



TJ 

O 

O 

a 

<D 

0) 

O 



I I I (D I 
^ I I O I 
^ I I I 
13 I I Oi I 

O I I na I 

g'S 

S I IOh ' 

I Iw 



X-P 

03 O 

HPk 



3^ « 



q .5 >i .S 






I I 
I I 
I 

I >. 



O flP" 



^ M 
CJ 



3 ^'5 sa-s s-g o g g o 



I -2 

' o 
H 



I 

.s ' 
I O 

w c« 
C ;h 



I I I I 



Prt 1 1 1 a> 1 

c3t^ 1 1 S3 1 

^ ?-H 1 1 03 1 


•4J 


S3 1 

O) 


'w O 

P" o o‘> o 
^ |QQ oq 


o 

H 


■g s s 

S3 4s> CQ 
Brsy 35 


PS 




> 




Table 19. — Horogenes punctorius adults released in the United States through December 31, 19^0 Con. 

State and County Township Origin’ 1927 1928 1929 1930 1931 1932 1933 1934 1936 1936 1937 TotaP 



86 



TECHNICAL BULLETIN 983, II. S. DEPT. OF AGRICULTURE 



t-oo a 

lO Tji t- 



l> 00 05 

115115 (M 



115 05 00 

0500 t> 
lO O 



OO O 
05 05 



115 05 00 

05 05 00 

115 115 r-i 



lO 

00 


•S 




0) 

o 


.s 


m 


T— i 

oT 


m 




{=! 




S 


00 

iH 


s 


o 


o 

s 


(U 

m 

03 

0) 


CD 

(M 


l^• 

(N 


05 


H ft 






oT 


00 


CD 


TJ s 






05 


00 


(M 




m 


0) 


05 




05 


o A 






T—l 


tH 

1:- 


tH 

• S 


-1 


o 

H 


<v 


.s 


rf 

tH 


C 






in 

a 





a 



H o C 

H X C 



I 

I o 
i-S 
& 
o C 

a 8t: 

> 



O « 

ciT S 

^ a 

O 'o 

S ^ . 

W 

- *J53 

o 

S 13 

B -S ® 

O M 

t—l 0) 4J 

- ,55 O 

Q H 

H O ' 



CSS'S ; 




BIOLOGICAL CONTROL OF THE EUROPEAN CORN BORER 



87 



Alternate Hosts 

Larvae of several species of Lepidoptera^ were offered to Horo- 
genes punctorius females in the laboratory in an attempt to obtain 
oviposition. The parasite adults showed no interest in the larvae 
of Gnorimoschema husckiella Kearf., Carpocapsa pomonella (L.), 
or Papaipema nebris (Guen.), but oviposited readily on larvae of 
Pyrausta ainslei Hein, and P. penitalis Grote. Whether the para- 
site could reproduce successfully on these hosts is not known, 
because none lived to produce either a pupa or a parasite cocoon. 
H. punctorius has never been recovered from hosts other than P . 
nubilalis (Hbn.) in the United States. 

COLONIZATION 

Horogenes punctorius was also one of the first parasites to 
appear in the earlier importations from Europe, a colony of 10 
adults having been released in 1921 at Malden, Mass., and sup- 
plemented by another small colony in 1922. In 1924, 555 adults 
were liberated at Arlington, Mass., and 4 small colonies were 
released in 1925 at 4 sites in eastern Massachusetts (table 19). 
It was not until 1926 that the first releases of over 1,000 adults 
per colony were made. However, establishment from some of the 
smaller releases made prior to 1926 was probably accomplished, 
since the first recovery of the species was made that year at an 
early colony site sufficiently remote from the current year’s re- 
leases to make dispersion from the latter points improbable. 

The first importation of this species was made during the lat- 
ter part of the summer when the parasite was in first-generation 
cocoons. Cocoon shipments were continued through the summer 
of 1929. Beginning in 1925 the cocoon shipments were supple- 
mented by the introduction of the overwintering hosts with Horo- 
genes punctorius as first-instar larvae. After 1929 this was the 
only method used for introducing H. punctorius. 

From points in eastern Massachusetts adults of this species 
appeared more frequently in collections made after 1926 and, 
beginning with a few individuals in 1930, increasing use was made 
of this source of supply for colonization. To January 1, 1939, 
over 30,000 adults derived from hosts obtained in eastern Massa- 
chusetts were released in the United States. In 1930 the first 
releases of adults originating in the Orient were made in Massa- 
chiisotts. 

Colonization of Horogenes punctorius in the Lake States area 
was started in 1926 with a release of 207 adults in Monroe County, 
Mich. Small releases were made in the following 2 years at this 
colony site and in Lucas County, Ohio. At the Cattaraugus Indian 
Reservation in New York in 1929, and after that year at a num- 
ber of points in the Lake States area, larger colonies were released. 

For a number of years Lydella stabulans grisescens was the 
dominant parasite in the vicinity of the older release sites in 
eastern Massachusetts, but it was eventually superseded by Horo- 
genes punctorius. So promising did this parasite appear at these 
test sites that it seemed advisable to distribute colonies throughout 
the area where host concentrations warranted releases. Accord- 
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ingly, in 1935 with adults from European host material, and in 
1936 and 1937 with stock of domestic origin, a number of releases 
were made throughout the East and the Middle West, one colony 
being liberated per county. By the end of 1939 a total of 89 
colonies had been released. 

Although Horogenes vunctorius can parasitize borers of sev- 
eral larval stages, and although these stages may be present in 
the field over a considerable period, fairly close synchronization 
ol releases with the preferred host stage of the borer is essential 
for establishment. In 1934, 750 adults of H, 'punctorius were 
released at East Hartford, Conn., and 827 at Milford, Conn. The 
periods of release and the extent of synchronization with third- 
instar corn borers of both the first and second generations are 
shown in figure 20. Observations on the status of parasites at 
these two points in the fall of 1935 showed that at East Hartford 
3.6 percent of the host borers were parasitized, whereas at Mil- 
ford no parasite was recovered. 




Figure 20. — Synchronization of Horogenes punctorius releases with presence 
of preferred stage of host (European corn borer), Hartford and New Haven 

Counties, Conn. 



FIELD STATUS 

With proper synchronization, initial establishment of Horogenes 
punctorius was readily accomplished in the areas where the 
1-generation strain of the host predominated. Adults appeared 
in quantity from practically every locality where parasites were 
liberated. However, in most areas the species maintained itself 
for 1 year only. At the Cattaraugus Indian Reservation in west- 
ern New York, H, punctorius was recovered over a period of 4 
years after the last release in 1930. The percentage of parasiti- 
zation, however, was always low, never rising above 1 percent. 
In 1934, 2 specimens were recovered and in 1935 only 1 specimen 
appeared in a collection of 897 borers from this point. In 1940, 
however, H, punctorius was recovered in several collections of 
borers from this Reservation, and one collection showed a para- 
si tization of over 10 percent. 
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The 1940 recovery, showing maintenance for 10 years, demon- 
strated the ability of the parasite to exist at extremely low levels. 
In Erie Township, Monroe County, Mich., releases of 207 and 288 
adults were made in 1926 and 1928, respectively. No recovery 
was made until 1933, but after that the parasite continued to 
appear in small numbers in the collections from this point each 
year through 1937. In 1938 it was not recovered at any point 
in the Lake States area. In the eastern area, however, H, punc- 
torius has continued to maintain itself and to increase in abund- 
ance wherever it was initially established. 

Near the colonies west and north of Boston, Mass., where re- 
leases were first made in the United States, Horogenes punctorius 
was the only parasite of importance in 1940. At the center of 
this district it reached its equilibrium position about 1930, but 
continued to disperse until in the summer of 1938 it was found 
25 miles from the center of the colony. A more extended survey 
might have shown this parasite present over a considerably wider 
area. 

In 1938 and 1939 no surveys were made to obtain data on para- 
site abundance in the area northwest of Boston for comparison 
with that of previous years. However, in an area approximately 
10 miles square, lying close to the release points and probably 
representative of the older parts of the area, a survey in 1938 
on first-generation borers showed that Horogenes punctorius was 
the most prevalent parasite. Its general distribution was evi- 
denced by the fact that it was recovered in each of 36 collections. 
The highest percentage of borers parasitized was 55.8, and 6 of 
the collections showed over 40 percent parasitization. A similar 
survey in this area in August 1939 showed the parasitization by 
this species to be 16.2 percent. 

In regions where the European corn borer has two generations, 
parasitization by Horogenes punctorius is usually much higher — 
sometimes about double — on the first, or summer, generation than 
on the second. In the fall of 1938 the average parasitization, in 
the 10-square-mile area previously discussed with reference to 
the first generation, was 12.8 percent. In this survey parasites 
were again obtained from each of the 36 sections into which the 
area was divided for study. The highest parasitization by 
H. punctorius in a single collection was 32.6 percent, and 20 of 
the 36 collections showed a parasitization of over 10 percent. 
Because of the limited survey in the Malden area in the fall of 
1938, no additional information was obtained as to the dispersion 
of this species. 

Following the releases made in the vicinity of Malden, Mass., 
in the earlier years a group of locations in southeastern Massa- 
chusetts and eastern Rhode Island were colonized with Horogenes 
punctorius. A survey to determine the status of the parasite 
at these locations was made in 1938. It covered a circular area 
45 miles in diameter, centering at Taunton, Mass. In that year 
parasitization by H. punctorius on second-generation borers with- 
in a radius of 121^ miles of Taunton averaged 1.2 percent, with 
a maximum parasitization of 7.3 percent. On the first generation 
of borers in 1938 the average parasitization by H. punctorius 
within the same area was 2.7 percent, with a maximum of 20.2 
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percent. That the parasite was still increasing in abundance in 
this area was shown by the increase in parasitization in the sum- 
mer of 1939, when the average parasitization within a compara- 
ble area was 6.3 percent, with a maximum of 30.1 percent. 

At the release site at Hartford, Conn., where a colony of 750 
adults was released in 1934, Horogenes punctorius increased its 
parasitization of second-generation borers from an average of 3.8 
percent in the fall of 1937 to an average of 8.3 percent of the 
3,466 hosts observed in the fall of 1938. The maximum para- 
sitization by this species in 1938 was 28.3 percent, as compared 
with a maximum of 24.5 percent in the fall of 1937. The para- 
site was reared from 30 of the 38 collections made in 1938, and 
the area in which it was found increased from 15 square miles 
in 1937 to approximately 56 square miles in 1938. Figure 21 
shows the area occupied by this parasite as revealed in the 1936, 
1937, and 1938 fall surveys. The data indicated that H, punc- 
torius actually was present over a slightly greater area than that 
shown on the map, but the district included in the 1938 fall survey 
was not sufficient to show the full extent of the dispersion of this 
species in 1938. Three other localities, Atlantic Township, Mon- 
m.outh County, Burlington Township, Burlington County, N. J., 
and Lee district, Accomac County, Va., which had been colonized 
within recent years, were surveyed in the fall of 1938. In New 
Jersey H, punctorius was recovered only at Atlantic. Its recov- 
ery at that point indicated maintenance for 2 years and demon- 
strated the usual slow increase and dispersion for the first few 
seasons following liberation. 

RESUME OF THE STATUS OF HOROGENES PUNCTORIUS 

Horogenes punctorius is one of the most valuable of the intro- 
duced parasites. Initial establishment was readily obtained fol- 
lowing releases in both the eastern and western areas, but main- 
tenance of the species is evidenced at present only in the eastern 
area, except at the Cattaraugus Indian Reservation, in western 
New York. There is no evidence of superiority in either the 
oriental or the European strain. At two of the localities in the 
multiple-generation area, where H, punctorius is on a mainte- 
nance basis, adults from both sources have been released. That 
the European stock is capable of maintaining itself is demon- 
strated by the status of the parasite at Hartford, Conn., where 
only European material was released. A comparatively small 
number of the colony sites have been examined, to determine the 
status of the parasites at the dispersion points. Because of the 
readiness with which establishment is accomplished, it is probable 
that H, punctorius is now established over much of the eastern 
area. 

Macrocentrus gifuensis Ashm. (Fig. 22) 

Order: Hymenoptera. 

Family: Braconidae. 

Imported from : Europe and the Orient. 

Preferred host stage : Second- and third-stage larvae. 
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Method of parasitization : Oviparous; polyembryonic egg de- 
posited free in body cavity of host. 

Hibernation: Egg in the primary and the secondary germ 
stage within the body of the mature host larva. 



DISTRIBUTION 



1936 

,937 




Conn. Survey limits are indicated by solid-line concentric circles. Areas 
occupied by the parasite are enclosed with broken lines, as indicated in 
the key. 



The biology and morphology of Macrocentrus gifuensis have 
been exhaustively treated by Parker and very little has been 

added to our knowledge of the biology of the species through 
colonization activities and field-status studies in the United States. 
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COLONIZATION 

The original supply of this polyembryonic braconid parasite for 
release in the United States was obtained from Europe and the 
Orient. All material imported from Europe originated in north- 
ern France, where the borer has but one generation a year. The 
oriental form, on the other hand, is found in areas having two 
and three generations of the host per year. 




Figure 22. — Macrocentrus gifuensis, adult female, x 10. 



The first adults of European origin became available for release 
in 1926 and were liberated in Massachusetts. In 1927 a number 
of colonies were released in the East and a colony of European 
origin was also released at Jerusalem Township, Lucas County, 
Ohio. In the years 1927-33 a number of colonies of European 
material were released annually in both the Eastern and the Lake 
States. In 1929 the first adults were obtained from the Orient, 
and material from this source continued to be received during 
the following 3 years. The total releases of this species in the 
United States are given in table 20. 
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FIELD STATUS 

Macrocentrus gifuensis was first recovered in Perkins Town- 
ship, Erie County, Ohio, in 1928 following a release that year of 
8,254 adults. Initial establishment was noted at one point in 
1929 and at 4 points in 1932, all in the Lake States. No evidence 
of permanent establishment has been observed in this area. 

In the East no recovery of this species was made until 1934, 
when evidence of maintenance was indicated at the release point 




Figure 23. — Distribution of Macrocentrus gifuensis in the vicinity of Taun- 
ton, Mass., Dec. 31, 1940. 



of the oriental material at Bridgewater, Mass. In the falls of 
1936 and 1937 the parasite was obtained from a number of fields 
in the Bridgewater district. In 1937, 33 percent of the borers in 
one collection were parasitized by Macrocentrus gifuensis. 

A survey of the first-generation borers in 1938 showed an aver- 
age parasitization by Macrocentrus gifuensis of 3.9 percent in a 
circular area containing 490 square miles and in two of the col- 



Table 20 . — Macrocentrus gifuensis adults released in the United States through December 31 , 19 UO 
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lections over 35 percent of the borers were parasitized. In the 
fall of that year, in a circular area of 1,963 square miles, 8 per- 
cent of the borers were parasitized by M. gifuensis. In the cen- 
tral 500-square-mile portion of this area parasitization had in- 
creased to an average 10.8 percent. Forty-seven of the 100 col- 
lections made in the Taunton area in the fall of 1938 produced 
M, gifuensis y and in these 47 collections 15 showed a parasitiza- 
tion of over 20 percent by this species. The maximum ‘parasiti- 
zation by M. gifuensis for any collection was 58.3 percent. The 
area of highest concentration was a district within 10 miles of 
the release point at East Bridgewater, Mass. From the 9,731 
host larvae observed, 779 cocoon clusters were produced and 
15,055 adults obtained. Figure 23 shows the area in the vicinity 
of Taunton, Mass., from which this parasite was recovered in 
the fall surveys of 1937, 1938, and 1939. 

In 1039 a survey to determine the status of parasites on the 
first generation of the borer in a 500-square-mile area in the 
vicinity of Bridgewater, Mass., revealed a parasitization by Macro- 
centrus gifuensis of 12.1 percent, which was the highest recorded 
for any parasite and comprised 46 percent of the total by all 
species. These data indicated that M. gifuensis was continuing to 
increase in effectiveness, since the 12.1 percent recorded in the 
summer of 1939 is comparable to the 3.9 percent obtained in a 
similar survey in the same area of the first-generation borers in 
the summer of 1938. Enough adults w^ere obtained in 1940 from 
parasitized borers in a special collection made in the vicinity 
of Bridgewater to permit the release elsewhere of 39 colonies, 
totaling over 78,000 individuals. 

No morphological characters have been found to differentiate 
the oriental from the European strain of Macrocentrus gifuensis. 
However, certain differences in their reactions point to the possi- 
bility of distinct biological strains. As stated above, the oriental 
form is abundant in an area having three generations of the borer 
per year, and is present in 2-generation areas and in transitional 
zones in the Orient. It either does not occur or is extremely 
scarce in the Orient in regions where the host has one generation 
each year. In Europe the opposite situation obtains, since in that 
country the parasite is found only in an area where the host has 
but one generation a year. In the eastern area of borer infesta- 
tion in the United States by far the greatest number of releases 
were of adults of European origin, yet the only locality in which 
maintenance of the species prevails is in the vicinity of the libera- 
tion point of a colony of adults from the Orient. 

In the Lake States the species was recovered at six localities, 
each recovery being made in the year of a release in that locality. 
The details of these recoveries were as follows : 

Perkins, Erie County, Ohio : Colonized in 1928 with European 
stock. One parasitized larva was found in a collection of 1,828 
corn borers. Only 935 of these borers were taken near the field 
of release, and from these the Macrocentrus gifuensis was re- 
covered. 

Cattaraugus Indian Reservation, N. Y. : Colonized in 1929 with 
European stock. One parasitized larva was obtained from a col- 
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lection of 1,333 borers. A parasite was also obtained from a 
collection of 18 borers taken from the field of liberation. 

Fairfield, Lenawee County, Mich. : Colonized in 1932 with 

oriental stock. One parasitized larva was found in a collection 
of 3,187 borers. The parasite cluster was recovered from 400 
host larvae taken as cocoons in October at the release field. 

Monroe, Erie County, Mich. : Colonized in 1932 with oriental 
{Stock. Three parasitized larvae were found in a collection of 
1,501 borers. Parasites were recovered from 100 host larvae 
taken at the release point. Two clusters of parasite cocoons were 
collected in October. 

Webster, Wood County, Ohio: Colonized in 1932 with oriental 
stock. Two parasitized larvae were found in a collection of 3,394 
horers. Parasite clusters were recovered from 400 host larvae 
taken at the release point. Parasitized larvae were in cocoons in 
October. 

Adams, Jefferson County, New York: Colonized in 1932 with 
oriental stock. From a collection of 3,129 borers 24 parasitized 
larvae were found. The parasites were all recovered from 400 
borers taken from release fields. At the time of collection in 
October clusters of parasite cocoons had been produced from 5 of 
the^4 parasitized larvae. 

No initial establishment was accomplished where less than 
1,800 adults were released at one time. Disregarding all loca- 
tions where less than this number were released per day, 14 col- 
onies of European material and only 6 of oriental stock remained. 
Nevertheless, 4 of the 6 recovery points were oriental colony sites. 
Of 32 borers parasitized by Macrocentrus gifuensis, 30 had been 
attacked by adults of oriental origin. 

It was noted also that all the parasites of European origin 
passed the winter normally, that is, within the host larva ; whereas 
at all of the oriental-colony sites some or all of the larvae had 
emerged and spun cocoons prior to the time of collection. This 
phenomenon of fall emergence has been noted to a slight extent 
at the oriental colony site at Bridgewater, Mass. While exhibit- 
ing a partial lack of adaptation to the environment, this emerg- 
ence also demonstrated that the diapause is not obligatory with 
the oriental strain, although it may be with adults from Europe. 

ALTERNATE HOSTS 

Parker (2i), in discussing the host relations of Macrocentrus 
gifuensis, states: ‘‘So far as is known it has not been reared 
from any host other than Pyrausta nubilalis. It is possible, how- 
ever, that M, gifuensis has often been misidentified as M. abdomi- 
nalis and that, consequently, some of the biological and descrip- 
tive data in publications on M. abdominalis pertain in reality to 
M. gifuensis.'' 

In 1932 three larvae of the lotus borer {Pyrausta penitalis 
(Grote)), collected from lotus near the Erie Township, Monroe 
County, Mich., release point, produced adults of Macrocentrus 
gifuensis. This is the only record of reproduction of the species 
in the United States on hosts other than Pyrausta nubilalis. No 
laboratory experiments have been conducted to provide data on 
host relationship with this species. 
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RESUME OF THE STATUS OF MACROCENTRUS GIFUENSIS 

In 1941 this polyembryonic braconid larval parasite was estab- 
lished in the United States only in southeastern New England. 
However, it exhibited a population density greater than that of 
any other parasite, and the average parasitization produced com- 
pares favorably with that of any of the introduced parasites in 
other parts of the borer-infested area. 

Clark {11) in discussing Macrocentrus gifuensis, says that it 
“is one of the most important parasites of the corn borer in the 
Orient.” Concerning its status in Europe, Parker (2-^) writes: 
“The percentage of parasitism in the weed (Artemesia) areas 
of the Armorican zone of France has, however, maintained itself 
around 30 percent for several years ; it is thus seen that this para- 
site is a factor which cannot be neglected in the fight against the 
corn borer.” 

Its estimable position, therefore, in the countries of its origin, 
together with the parasitization it has accomplished at Bridge- 
water, Mass., indicate the possibilities of this parasite. Collec- 
tions of borers, chiefiy parasitized by Macrocentrus gifuensis, are 
being made in southeastern Massachusetts for the purpose of 
providing material for further distribution in the Eastern States. 
No further colonization is contemplated where only the single- 
generation strain of the borer occurs. 

Chelonus annulipes Wesm. (Fig. 24) 

Order : Hymenoptera. 

Family : Braconidae. 

Imported from : Italy. 

Preferred host stage for oviposition : The egg. 

Method of parasitization; Oviparous; egg deposited subcu- 
taneously in host egg. 

Hiberation; First-instar larva free in body cavity of fourth- 
instar host larva. 

Chelonus annulipes Wesm. is the only imported parasite of the 
European corn borer that attacks the host in the egg stage. Its 
biology and some phases of its embryology, physiology, and the 
technique used in its rearing have been reported by various au- 
thors (6, 7, hO, 44). Prior to its introduction into the United 
States the parasite was recorded onl'" from northern Italy. 

COLONIZATION 

The first importations of this species were made in the summer 
of 1929, when parasite cocoons were shipped under refrigeration. 
The following winter, and in subsequent years, the introduction 
was accomplished by shipping the host borers containing first- 
instar parasite larvae. A considerable number of the earlier 
introduced adults were retained for laboratory study, but enough 
were available to make possible some releases in eastern Massa- 
chusetts. It was found practical during the later years of im- 
portation to differentiate by size and appearance between para- 
sitized and nonparasitized borers. 
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A suitable technique for rearing this species in the laboratory- 
on the Mediterranean flour moth (Ephestia kuehniella Zell.) was 
later de-veloped by Bradley (6). By this method the number of 
adults available from foreign importation were considerably aug- 
mented by laboratory-reared material. In 1938 over 130,000 and 
in 1939 over 75,000 adults were produced by using E. kuehniella 
as the rearing host. 

The first colonies were released in the Lake States area in 1930. 
In 1937 the Entomological Branch of the Canadian Department 
of Agriculture supplied a sufficient number of adults from labora- 
tory-reared material for releases at two colony sites on the East- 
ern Shore of Virginia. Table 21 shows the numbers of Chelonus 
annulipes adults released each year at the various liberation 
points. 




An examination of all available data relative to the geographi- 
cal distribution of Chelonus annulipes indicates that its environ- 
mental requirements are extremely exacting and not readily de- 
terminable. Although it has been reared from several countries 
of Europe, it has been found (as a parasite of the European corn 
borer) by personnel of the United States Department of Agri- 
culture, only in the northern part of Italy, and is recorded as 
being very unevenly distributed in that region. It was collected 
in numbers at St. Georgio di Nogaro, Italy, but was not found m 
the vicinity of Venice, less than 60 miles distant. Between areas 
where the parasite was plentiful and areas where it was rare, 
monthly temperatures and annual rainfall varied little. 




Table 21 . — Numbers of Chelonus annulipes adults released in the United States through December SI, 19^0 
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In the United States, although the parasite had been colonized 
over most of the area infested by the corn borer, the release 
points were comparatively far apart and, prior to 1939, many 
of the 62 colony points at which releases had been made (28 in 
the western area of infestation and 34 in the eastern), had not 
been examined, owing to their recent establishment. However, 
of the many points where the status of parasites was investi- 
gated in 1938, recovery was obtained only in southeastern New 
England. Here parasitization compared favorably with that ac- 
complished by other corn borer parasites ; yet, at the actual points 
of release, within 10 miles of the center of the area in which 
the parasite is now well established, no Chelonus annulipes were 
recovered in the three years prior to 1940. 

The foregoing observations indicate that this braconid is a 
parasite that can exist only in a more or less restricted ecological 
island, producing effective parasitization in the central portion 
and diminishing in numbers as the less favorable periphery is 
approached. Apparently the success of colonization depends 
largely on whether the release was made in one of these ecological 
islands, and the chances for successful establishment may dimin- 
ish as the distance from the more favorable part of the island 
increases. Once established, the parasite seems capable of spread- 
ing to some extent. It appeared impossible, with limited knowl- 
edge of the restricting factors, to select colony sites optimum for 
this parasite's establishment. To minimize this limitation and to 
establish the practical utility of close colonization for rapid in- 
crease of parasite populations, rather than to depend on natural 
dispersion from widely separated release points, it was proposed 
to release Chelonus annulipes over a well-infested area in colonies 
so closely spaced that one or more would probably be located 
near the center of a favorable ecological island. 

Two areas were selected for this study: (1) A strip 16 miles 
v;ide, extending from the Massachusetts-Connecticut line south 
along the Connecticut River to Hartford, then southwesterly along 
the Quinnipaac River to New Haven; (2) an area 10 miles wide, 
extending from New York City northward along both sides of the 
Hudson River as far as Troy. 

In the area selected for colonization in Connecticut, 48 colonies 
averaging close to 1,000 adults per colony and spaced about 4 
miles apart, were released in 1939 at a time for good synchroni- 
zation with large numbers of host eggs. Twenty-three colonies 
of similar size were released that year in the Hudson River Valley. 
Field examinations made at the time of these releases showed 
that, while host eggs were still present in small numbers in the 
fields, the releases in New York were later than the optimum time 
for good synchronization. The lower Hudson River Valley was 
recolonized in 1940 when 110 colonies, totaling 109,213 adults 
of Chelonus annulipes, were released in this territory. Excellent 
synchronization of parasite releases with presence of host eggs 
was attained. 

To test the effect of climatic changes after 1932, and the in- 
fluence that might result from the prevalence of a 2-generation 
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strain of the borer in the Lake States, one colony of Chelonus 
annulipes was released in Adams Township, Lucas County, Ohio, 
in 1938 and four in northwestern Indiana in 1939. 

FIELD STATUS 

As shown previously under the general discussion on coloniza- 
tion, proper synchronization of releases with the presence of 
preferred host stages of the borer usually resulted in good initial 
establishment. In the Lake States area, however, the species 
became established at but one locality, Jerusalem Township, Lucas 
County, Ohio, whence for a number of years after the last release, 
Chelonus annulipes appeared in borer collections. It has not been 
recovered at that locality since 1934. At the release location in 
Adams Township, Lucas County, founded in 1938, an increase in 
population of this parasite was indicated by collections made in 
the fall of 1939; however, the parasite failed to appear in the 
1940 collections. 

In the fall of 1932 in the Eastern States one specimen was taken 
21/2 miles east of the release point at East Providence, R. I. In 
the spring of 1933 another specimen was recovered near the 
Bridgewater, Mass., release point. In the fall of 1934 several 
specimens were collected near Dighton, Mass., and collections 
made in the fall of 1935 showed that the parasite was maintaining 
itself in encouraging numbers at that point. Continued increase 
in numbers was shown by the 1936 survey and in 1937 the para- 
site was recovered from an area of approximately 75 square miles. 
In that year in three collections made near the central district 
of the surveyed area parasitization by Chelonus annulipes was 
13.0, 15.2, and 24 percent. 

Although the percentage of parasitization by Chelonus annu- 
lipes did not increase in 1938, recoveries were made over a larger 
territory. The parasite concentration district remained the same 
as in 1937 and covered an area of approximately 75 square miles, 
centering at Berkley, Mass. In the fall of 1937 two outlying 
localities (Abington and South Wareham), where this parasite 
was present 10 to 15 miles from the center of its establishment, 
were noted. In the fall of 1938 the presence of C. annulipes at 
nearly the same two localities (West Bridgewater and South 
Wareham) was confirmed. The parasite was also recovered at 
East Middleborough, Mass., from a collection made between these 
outlying points. A 10-mile-southward extension of the parasite’s 
habitat was disclosed by its recovery from a collection made just 
south of Fall River. It is estimated that C. annulipes was present 
at the close of 1938 over an area of 292 square miles in south- 
eastern Massachusetts, an increase of 142 square miles in its 
known habitat having been established as a result of the fall 
survey of 1938. 

RESUME OF THE STATUS OF CHELONUS ANNULIPES 

The last surveys made in the East showed this braconid to be 
on a maintenance basis at only one locality, namely, that centering 
at Taunton, Mass. 




Table 22. — Numbers of Zaleptopygus fiavo-orbitalis adults released in the 
United States, through December 31, 19^0 
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In the Lake States area strong initial establishment was ob- 
tained in Adams Township, Lucas County, Ohio, where releases 
were made in 1938 to test the effect on the parasites of the host’s 
tendency to produce a greater proportion of 2-generation indi- 
viduals than formerly. The collections made in 1939 at this point 
indicated a considerable increase in numbers of the parasite. 




Figure 26. — Zaleptopygus flavo-orhitalis, x 10. 



Zaleptopygus flavo-orbitalis (Cam.) (Fig. 25 ) 

Order: Hymenoptera. 

Family: Ichneumonidae. 

Preferred host stage : Third- and fourth-instar larvae. 
Imported from : Japan. 

Method of parasitization : Egg deposited free in body cavity of 
host. 

Hibernation ; As a first-instar larva within the host. 
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Zaleptopygus flavo-orbitalis is the only hymenopterous para- 
site imported from the Orient and released in the United States 
that has not been found also in Europe. Its biology as a parasite 
of the European corn borer has been studied by Bradley and 
Burgess (8). 

COLONIZATION 

The first importations of this species were made in 1929, and 
releases in the Eastern and Lake States were continued for a 
number of years. Table 22 presents colonization data for the 
species. 

FIELD STATUS 

Subsequent to the release of Zaleptopygus flavo-orhitalis in the 
Lake States area, limited field observations were made relative 
to its seasonal history and environmental reactions in Jerusalem 
Township, Lucas County, Ohio, where initial establishment was 
obtained in 1932. Dissections of host larvae that had diapaused 
in the field at this location showed a mortality of the parasite 
larvae of 73.9 percent. This mortality was thought to be due to 
cold, and such a demonstrated weakness was at that time deemed 
largely responsible for the failure of the species to attain a main- 
tenance status at any point in the infested area. However, in 
the vicinity of Taunton, Mass., near which in 1931 and 1932 sev- 
eral large colonies of Z. flavo-orbitalis were released, the parasite 
became established and maintained itself, although in very small 
numbers, for several years without additional releases. This 
continued recovery demonstrated the capability of the species to 
survive New England winter temperatures to some extent, but 
its sparse population in southeastern Massachusetts and its fail- 
ure to become established at other points may be ascribed to its 
imperfect adaptation to low temperatures. 

RESUME OF THE STATUS OF ZALEPTOPYGUS FLAVO-ORBITALIS 

This ichneumonid, which originated in the Orient, was released 
at a number of test points in the United States, but permanent 
establishment was indicated only in the vicinity of Taunton, 
Mass., where it was present in 1941 in very small numbers. The 
records of its world distribution and host relations show that it 
is nonspecific and is adapted to warm regions, such as southern 
India, southern Japan, the Philippines, and Hawaii. The elapsed 
time since its release in Virginia has not been sufficient to justify 
drawing conclusions, but it seems possible that a more southern 
habitat may be more conducive to its successful establishment. 

. Phaeogenes nigridens Wesm. (Fig. 26) 

Order: Hymenoptera. 

Family: Ichneumonidae. 

Imported from : Europe and Japan. 

Preferred host stage : 1- and 2-day-old pupae. 

Method of parasitization : Perforates freshly formed pupae 
with ovipositor and lays egg free in body cavity of host. 

Hibernation : As an adult female. 

828864'— 50 8 
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Phaeogenes nigridens is the only imported parasite of the corn 
borer released in the United States that attacks the host in the 
pupal stage. Information on this parasite, as obtained from ob- 
servations in Europe, have been published by Smith {S2) . 

COLONIZATION 

The first release of Phaeogenes nigridens in the United States 
was made in 1924, when a single colony was liberated at Arling- 
ton, Mass. Releases of European stock, beginning in 1926 in 
the Lake States, continued to be made in the Eastern and Lake. 
States through 1932. In 1931 a small colony of 38 adults received 
from Japan was released at Bridgewater, Mass. 




From host material collected at the earlier release points, para- 
site adults were obtained in sufficient numbers to make small 
releases in 1932, 1933, and 1939. The colonization data for this 
parasite are given in table 23. 

Although importations of this parasite are accomplished more 
successfully late in the summer than at any other time of year, 
it was desired to make a test of releases made early in the spring. 
In August 1937 a consignment of Phaeogenes nigridens in the 
adult stage was received from Europe, and this material was used 
in experiments to determine the best method of handling the 
adults through the winter. Eight hundred adults, in equal num- 
bers of males and females, were placed in storage at 50° F., 
800 at 45°, and 800 at 36°. Each lot of 800 was separated in 
3 boxes (about 6 by 6 by 4 inches), one holding 200 adults with 
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no food, another holding 300 adults with available sugar solution, 
and a third holding 300 adults with a mixture of dry honey and 
confectioner's sugar. About an equal number of adults were 
stored in outdoor cages, one containing shocked cornstalks and 
another forest litter and debris. 

By the latter part of September no living adults were noted 
in the outdoor cage except a number of females in the cage con- 
taining cornstalks. Females were alive at this time in the various 
cages placed in cold storage, but most of the males were dead. 

An examination in December 1937 of all cages in which adults 
were being held in cold storage showed only 152 females alive. 
Although it was expected that all males would die, it had not 
been anticipated that the females would incur such a high mor- 
tality. Probably the death of the females was attributable to the 
conditions under which they were stored or to the amount and 
type of food available, or both, since 135 of the living adults were 
in one box that had been stored at 50*^ F. with solid honey-sugar 
as food. 

By the following spring only 18 females were alive in the cages 
that had been carried in cold storage, and no adults were living 
in the outdoor cages. 

In August 1938, another shipment of adult parasites and para- 
sitized host pupae was received from Italy. About half the adults 
that became available from this source were released shortly after 
receipt and the remainder were used in another attempt to store 
the species through the winter. No adults survived the hiberna- 
tion period. 

FIELD STATUS 

Phaeogenes nigridens was first recovered in the summer of 
1925 at Arlington, Mass., following large releases made that year. 
The parasite was taken at Medford in 1926, and at Medford and 
Saugus in 1927. In 1929 adults of P, nigridens emerged from 
cornstalks heavily infested with Pyrausta obtained at Medford, 
Mass., and from pupae collected during the summer at the same 
point. These recoveries showed maintenance of the species for 
a period of 3 years in the absence of supporting releases at this 
point. 

In 1937 Phaeogenes nigridens appeared in collections near Wal- 
tham and Peabody, Mass. The presence of this pupal parasite 
was corroborated in 1938 by recoveries in greater numbers from 
two general districts in Massachusetts, one in the vicinity of Ar- 
lington, Waltham, and Lexington, and another near Danvers and 
Peabody. No P. nigridens appeared in collections taken between 
these two districts. Initial establishment of the species was noted 
in 1938 at Burlington Township, Burlington County, N. J., where 
one specimen was recovered in a collection made 12 days after 
the adult parasites were released. 

No surveys have been made in the Lake States area expressly 
to investigate the status of Phaeogenes nigridens. However, in 
Jerusalem Township, Lucas County, enough pupae were observed 
in the field to disclose the presence of the parasite had it been 
present in considerable numbers. 
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RESUME OF THE STATUS OF PHAEOGENES NIGRIDENS 

Phaeogenes nigridens is known to be on a maintenance basis 
at only one point in the United States, a restricted area in eastern 
Massachusetts. However, surveys designed specifically to deter- 
mine its status have been made only at a limited number of points, 
and it is possible that it may be more generally distributed than 
is known at present. With an increased knowledge of optimum 
storage conditions for the adults, and attendant synchronization 
of releases with a preferred stage of the host early in the year, 
wider establishment may be accomplished. 




Figure 27 . — Eulophus viridulus, adult female. X 24. 



Eulophus VIRIDULUS Thoms. (Fig. 27) 

Order: Hymenoptera. 

Family: Eulophidae. 

Imported from : Italy. 

Method of parasitization : Egg deposited externally after para- 
lyzing host. 

Preferred host stage : Mature larva. Third- and fourth-instar 
larvae also attacked. 

Hibernation : As pupa in host tunnel near host remains. 

Information relative to this eulophid parasite of the European 
corn borer has been published by Parker and Smith {26 ) . It is 
the only species of the introduced parasites that has been trans- 
ported as a free pupa, and it is one of three imported corn borer 
parasites that is ectophagous throughout its larval life. 




Table 24. — Numbers of Eulophus viridulus adults released in the United States through December SI, 1940 
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COLONIZATION 

The first releases of Eulophus viridulus were made in the United 
States in 1930, when four small colonies were liberated, three in 
Massachusetts and one in Rhode Island. Introductions and re- 
leases were made during the following 4 years in the Eastern and 
Lake States. 

The data on these releases are presented in table 24. 

In handling this species after receipt and winter storage at 
the laboratory, it was necessary to exercise particular care to 
avoid including secondary parasites in the colonization shipments. 
About 1 percent of the pupae of Eulophus viridulus were attacked 
hy T etrastichus sp., which bore a superficial resemblance to the 
primary eulophid. In the emergence chambers the emerging 
adults were drawn by light attraction to a panel covered with 
white poplin cloth. On this smooth surface the characteristics 
of the species present were easily discernible and they were read- 
ily segregated. Large colonies were released in all cases when 
enough adults were available. 

FIELD STATUS 

No recovery of Eulophus viridulus has ever been made in the 
Eastern States. In the Lake States, where most of the releases 
were made in 1932, this ectophagous eulophid parasite appeared 
for the first time on a maintenance basis during the 1938 season. 
It was first discovered during an examination in Lucas County, 
Ohio, of an infestation of Pyrausta nubilalis in weeds in August. 
E, viridulus had been recovered at three release points in the Lake 
States, namely; Columbus Township, St. Clair County, Mich., in 
1931 and 1932; Damascus Township, Henry County, in 1931; and 
Webster Township, Wood County, Ohio, in 1932. At each loca- 
tion release had been made during the year of recovery. The 
finding of E. viridulus in Jerusalem Township, Lucas County, 
Ohio, in 1938 represented the first recovery of the species at this 
point and showed maintenance for 6 years. 

The discovery of the parasite in weeds early in August con- 
forms with the recorded habits of the species in Europe, where the 
summer generation is found on hemp and the fall and overwinter- 
ing generations on corn. 

Borers killed by this parasite were recovered in 1938 from each 
of 12 collections taken in the vicinity of Jerusalem Township, 
Lucas County, Ohio, 8 of the 12 sections being on the west side 
of the release center. The maximum distance at which the para- 
sites were recovered was about 5 miles. One cluster was taken 
in 1938 near a release point in Erie Township, Monroe County, 
Mich., where 20,081 adults were released in 1932. One cluster 
was recovered in 1938 in Danbury Township, Ottawa County, 
Ohio, at a point 8 miles from the nearest release center, 4 miles 
of this distance being across the water of Sandusky Bay. The 
number of pupae per cluster ranged from 1 to 48, with an average 
of 8.7. 

Upon receipt at the laboratory, each cluster of Eulophus viri- 
dulus recovered in the United States in 1938 was divided, where 
possible, one-half of the pupae being placed in cold storage and 
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the other half being held in a developmental environment in an 
incubator. No emergence from the latter material was noted 
until late in the winter, which indicated that the diapause re- 
quirements of this species are particularly effective. 

That this parasite differs in its dispersion characteristics from 
other parasites of the European corn borer is indicated by in- 
formation obtained in the fall of 1939 and that of 1940. During 
these two years, observations were made in the following coun- 
ties in Ohio : Allen, Auglaize, Erie, Hardin, Henry, Logan, Lucas, 
Sandusky, Seneca, and Wood. In some of the counties only one 
observation per township was made and in others only a few 
townships were included. However, Eulophus viridulus was re- 
covered at one or more points in each of the counties. One cluster 
was found oyer 50 miles from the nearest release point, and the 
farthest limits of dispersion were not defined by this survey. 

Thus, unlike other corn borer parasites, which build up to con- 
siderable concentrations in the immediate vicinity of the release 
point and spread slowly outward, it has been shown that Eulophus 
viridulus is capable of rapidly extending its range without greatly 
increasing in abundance in any locality. 

ALTERNATE HOSTS 

Larvae of Pyrausta ainsliei Heinrich and P. penitalis Grote col- 
lected in Jerusalem Township, Lucas County, Ohio, in August 
1938,^ were parasitized in the field by Eulophus viridulus. This 
constituted the second record observed by Bureau personnel of 
an exotic parasite of the European corn borer attacking native 
borers in the United States. Parasite pupae and pupal exuviae 
were noted among the parasites taken in August on P. ainsliei 
and P. nubilalis, but only pupal exuviae were noted in associa- 
tion with P. penitalis. 

Preliminary data resulting from more extensive surveys made 
in 1939 to obtain information on the distribution of Eulophus 
viridulus indicate that it has an extended range about several 
release points in Ohio. 

RESUME OF THE FIELD STATUS OF EULOPHUS VIRIDULUS 

Apparently several years have been necessary to bring the 
population of this eulophid to sufficient density to permit recov- 
ery by the means utilized. However, the fact of its recovery 
indicates that it has increased in abundance since its release. 
Although the species has not been recovered in the Eastern States, 
it might prove to be of value if released in some of the areas more 
recently infested by the host. 

IMPORTED PARASITES NOT KNOWN TO BE ESTABLISHED IN THE 

UNITED STATES 

The parasites treated in the preceding discussion comprise 
those which, following releases of 1 or more years, have become 
established in one or more localities in varying abundance, 
through several generations of the host, without the aid of sup- 
porting releases. 
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The following species are those that have been imported and 
released in the United States, but at the close of the 1940 season 
cannot be considered as being established. 

Exeristes roborator (F.) (Fig. 28) 

Order: Hymenoptera. 

Family : Ichneumonidae. 

Imported from : Europe. 

Preferred host stage : Mature larva. 




Figure 28 . — Exeristes roborator, adult female, x 4. 



Method of parasitization : Ovipositor inserted through plant 
tissue and host paralyzed by stinging, and eggs laid ectodermally. 

Hibernation: As a mature larva or pupa in a loosely woven 
cocoon. 




Table 25. — Numbers of Exeristes roborator adults released in the United States, through December SI, 19^0 
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Various phases of the life history and habits of Exeristes robo~ 
rator under laboratory- and field-cage conditions have been studied 
by Fox {15) and Baker and Jones {2). 

COLONIZATION 

Exeristes roborator, the largest of the imported hymenopterous 
parasites, has been colonized with material bred in parasite lab- 
oratories in the United States, except for 56 individuals released 
in 1922. 

Following receipt of breeding stock in 1922, releases of reared 
material were made in the Eastern States yearly through 1926. 
All liberations in the eastern area were confined to two sites in 
Massachusetts— one at Chatham, in Barnstable County, and the 
other at the multiple-release point centering at Malden, Middlesex 
County. 

A large number of parasites reared at the Arlington, Mass., 
laboratory were shipped in the ‘^spin-up^’ stage for release in the 
Lake States. In 1926 the laboratory rearing of Exeristes robo~ 
rator was started at Monroe, Mich., and material thus obtained 
served to augrnent the release material shipped from Massachu- 
setts. Liberations were made in the Lake States yearly from 
1924 to 1931, inclusive. The releases of this species in the United 
States are listed in table 25. 



FIELD STATUS 

Although five other species of parasites were libera ced in the 
United States prior to the first release of Exeristes roborator, 
that parasite was the first to be recovered. The releases made 
early in 1923 were apparently particularly elfective, since in 
June of that year initial establishment was recorded from six 
towns in the immediate vicinity of Malden, Mass., one recovery 
being 5 miles from the nearest point of release. Daily observa- 
tions on borers at East Arlington, Mass., in the summer of 1923 
showed 5 to 8 percent parasitization by this species. Recoveries 
continued to be made in eastern Massachusetts yearly from 1923 
through 1926. In each of these years supporting releases were 
made in this locality. However, it seems probable that the para- 
site maintained itself through more than one generation in the 
eastern area, because in 1926 it was numerous in infested corn- 
stalks collected at Saugus, Mass., in August, although the only 
liberation made that year consisted of a small colony at Medford. 

^ With the conclusion of colonization activities with this species 
in the East, further recoveries ceased. Since observations have 
been made in eastern Massachusetts in varying detail yearly since 
1926, with no appearance of the species, its failure to become 
permanently established is strongly indicated. 

In the Lake States area the first recoveries were made in 1925 
in Perkins Township, Erie County, Ohio, and at the Cattaraugus 
Indian Reservation in New York. 

Details of its field status from 1927 through 1932 in this area 
have been presented by Baker and Jones {2), who point out the 
apparent inability of the species to exist for more than one gen- 
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oration in areas where the predominating hosts have a single 
generation per year. 

SHIPMENTS OF EXERISTES ROBORATOR FOR TRIAL AGAINST PESTS OTHER THAN 
THE EUROPEAN CORN BORER 

Owing largely to the ease with which this species could be 
produced and because of its polyphagous habits in the country 
of its origin, a considerable amount of material, reared in the 
European corn borer research laboratories in the United States, 
was shipped for testing against other pests. In 1926 and 1927, 
spin-ups of Exeristes roborator were shipped from Monroe, Mich., 
tc Guam for tests against the European corn borer on that island. 
Notwithstanding the distance involved, the method of shipment 
utilized proved successful, an emergence of 70 percent being ob- 
tained. In 1928, 2,000 adults were sent to New Orleans, La., for 
trial against the sugarcane borer (Diatraea saccharalis (F.)). 
Another shipment of adults was made in 1932, to El Paso, Tex., 
to be utilized in tests against the pink bollworm (Pectinophora 
gossypiella (Saund.) ) . 

RESUME OF THE STATUS OF EXERISTES ROBORATOR 

Since observations in recent years have failed to disclose the 
presence of Exeristes roborator in any locality studied, it seems 
probable that the species is not established in the United^ States, 
and there is a strong indication that it is unable to maintain Uself 
in any of the regions where it has been released. Its failure to 
do so is apparently due to the lack of synchronization between 
the seasonal history of the parasite and that of its host. Such 
synchronization seems to be somewhat closer in the extremely 
limited area tested in the northeastern section of host infestation. 
It is possible that farther south, along the Atlantic seaboard, 
changes in the seasonal rhythm of the host might be encountered. 
Such changes would function more to the advantage of the para- 
site. 

Microbracon brevicornis (Wesm.) (Fig. 29) 

Order : Hymenoptera. 

Family : Braconidae. 

Imported from : France. 

Preferred host stage : Mature larvae. 

Method of parasitization : Paralyzes host by stinging. Deposits 
10 to 20 eggs per host ectodermally. 

Hibernation : No definite resting period. 

The life history of this species has been published by Ge- 
nieys {16) and the essential features of its laboratory production 
have been described by Jones {18), 

COLONIZATION 

As with Exeristes roborator, colonization of Microbracon brevi- 
cornis has been accomplished almost entirely with material reared 
in the corn borer research laboratories of the United States. In 
1920 a few females were received for use in reproduction experi- 




Table 26. — Numbers of Microbracon brevicornis adults released in the United States, through December 31 

1940 

(All parasites bred in the laboratory except as indicated in footnote 2) 
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^ The totals in this column include the numbers given in foot- Township, Essex County, and 80 in Arlington Township, Middle- 
notes to this table. sex County. 

2 In 1921, 320 parasites from Europe were liberated in Saugus ^ In 1931, 9691 parasites bred in the laboratory were liberated 

in Damascus Township, Henry County. 
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ments. The following year 1,210 cocoons and 15 adults were 
imported. From this material two small colonies, totaling 400 
individuals, were released in eastern Massachusetts and the 
remainder served as a nucleus breeding stock. From this stock, 
together with a small amount of material imported in 1935, 
originated the colonization material, totaling over million 
adults, released in subsequent years. 

The history of the laboratory reproduction and colonization of 
Microbracon brevicornis in the United States parallels closely 
that of Exeristes roborator. Breeding at the Arlington, Mass., 
laboratory continued from 1921 through 1926, some of the mate- 
rial reared in 1924, 1925, and 1926 being shipped for release in 
the Lake States area. 




Figure 29. — Microbracon brevicornis, adult female, x 22. 

In 1926 production was initiated at the Monroe, Mich., labora- 
tory, and colonization material for release at points in the Lake 
States area was reared at that laboratory yearly from 1926 
through 1931. This species was also reared at the Moorestown, 
N. J., corn borer laboratory in 1938 to furnish adults for test 
releases in the Atlantic Coast States as far south as Virginia. A 
total of 28,553 adults were released, but no recovery of this species 
had been made in this area through 1940. Colonization data for 
the species are given in table 26. 

FIELD STATUS 

Notwithstanding the fact that a greater number of Microbracon 
brevicornis adults have been released in the United States than 
of any other corn borer parasites, no recovery of the species has 
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ever been made, although over million borers from sites where 
the species has been colonized have been under observation. 

Unlike other parasites that have become established, no logical 
reason for the failure of Microbracon brevicornis has presented 
itself. In certain European districts where this parasite is 
abundant, the practice prevails of stacking the corn through the 
winter in long rows of shocks laid against an elevated horizontal 
rail or of piling it in large ricks. It has been noted that the 
M. brevicornis females are especially abundant around such rows 
or stacks of corn, the parasitization in these locations averaging 
as high as 62 percent. It was thought that such an agricultural 
practice might afford the needed protection for the overwintering 
parasites. Experiments were therefore conducted in both the 




Figure 30. — Campoplex alkae, adult female. X 5. 



Eastern and the Lake States areas, in which the European con- 
ditions were simulated as closely as possible. Large numbers of 
M. brevicornis adults and corn heavily infested with corn borer 
larvae were utilized in these tests. No recovery was ever obtained 
in these experiments. Individuals that would have propagated 
readily in the laboratory failed to produce offspring when released 
near the test shocks. It was also found that the adults failed to 
overwinter when released in screened cages containing infested 
corn shocks. 

EXPERIMENTS WITH ASSOCIATED INSECTS 

In 1920 larvae of the southern cornstalk borer {Diatraea cram- 
bidoides (Grote)) were tested in reproduction experiments. It 
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was found that the female parasites attacked and deposited eggs 
freely on the D. crambidoides larvae. The parasite larvae, how- 
ever, encountered difficulty in becoming established and did not 
feed as well as on Pyrausta nubilalis, and a much lower average 
number of parasites per borer was produced. The D. crambidoi- 
des larvae shortened and disintegrated from bacterial action 
sooner than did the P. nubilalis larvae. 

TESTING AGAINST PESTS OTHER THAN THE EUROPEAN CORN BORER 

As early as 1920, the year of its introduction into the United 
States, 400 individuals of Microbracon brevicornis were sent to 
Ames, Iowa, for tests against native borers. 

Aduits totaling 1,462 were sent to Charlottesville, Va., in 1921 
for an experiment in combating the southern cornstalk borer 
(Diatraea crambidoides) . The following year 1,000 adults were 
shipped for a similar purpose, and 1,900 were sent to New Or- 
leans, La., in 1922 to combat the sugarcane borer {Diatraea 
saccharalis) . In 1923 a total of 900 adults were sent to Urbana, 
111., for use in experiments on the smartweed borer (Pyrausta 
ainsliei) . In 1924, 200 cocoons were shipped to New Orleans for 
special breeding work. In 1925, 1,200 adults were shipped to 
Lafayette, Ind., for use against P. ainsliei, and in 1926, 2,300 
were sent to Ames, Iowa, for experimental studies. 

Campoplex alkae (Ell. & Sacht.) (Fig. 30) 

Order: Hymenoptera. 

Family : Ichneumonidae. 

Imported from : Europe, the Orient. 

Preferred host stage : Third- and fourth-instar larvae. 

Method of parasitization : Egg laid free in body cavity of host. 

Hibernation : Larva within closely woven cocoon. 

Campoplex alkae bears a close resemblance to another imported 
ichneumonid parasite, Horogenes punctorius, in both the adult 
and larval stages. The adult of C. alkae may be distinguished by 
the presence of an areolet in the forewings, which is lacking in 
H. punctorius. The diagnostic characters by which the mature 
larvae may be distinguished are shown in figure 19. 

The morphology and biology of Campoplex alkae have been 
treated by Thompson and Parker (85) under the name Eulim- 
neria crassifemur, and Baker and Arbuthnot (1 ) have discussed 
phases of its hibernation habits. 

The species is generally distributed throughout most of the 
countries of Europe and, as a result of 3 years of study, was found 
to be most abundant on that continent in southwestern France. 
In the Orient it has been found only in Manchuria, and there 
only in areas where one generation of the host is present; how- 
ever, higher concentrations of the parasite are recorded there 
than in any locality in Europe. 




Table 27. — Numbers of Campoplex alkae adults released in the United States, through December 31, 19^0 

[All parasites from Europe except where indicated] 
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Do 
Do 

Middlesex 

Do 

Do 

Do 

Do 

Do 

Norfolk 

Plymouth . 

Suffolk 

Total 
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Harbor Cr. 


Michigan : 
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Monroe 

Do 
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Tnfnl 


New York 

Cattaraugus Indian Res._ 

Erie 
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Suffolk 


1 1 

1 1 

1 
i 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 

1 

3 

^ ^ ^ a 

2 

o 


1 1 1 1 

1 1 1 1 

1 1 I 1 

1 1 1 1 

1 1 1 1 

1 1 1 1 

1111 
1 1 1 1 

1 1 1 1 

1 1 1 1 

till 
III 1 

1 1 ' I — 

S3 13 3^ 


Pennsylvania : 
Crawford 
Erie 


1 

1 

1 

1 

1 

1 

1 

1 

1 

I 

1 

I 

1 

I 

I 

1 

2 

o 

Eh 




Table 27. — Campoplex alkae adults released in the United States through December 31, 1940 — Con. 

[All parasites from Europe except where indicated] 
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COLONIZATION 

Campoplex alkae was one of the first three species of corn borer 
parasites introduced into the United States, a small colony having 
been released in Watertown, Mass., in 1920. After that year 
releases in varying numbers were made annually in the eastern 
area through 1933. Releases in the Lake States area were first 
made in 1927 and continued annually through 1933. Adults ot 
Oriental origin were released only in the years 1931 ana 
although a small number of cocoons and adults were imported 
in 1930. With the exception of one colony at East Lyme, oonn., 
all colonies of Oriental material were confined to eastern i^assa- 
chusetts. Practically all importations and shipments of this 
species were made while the parasite was in the cocoon stage. 
Cocoons containing larvae that had not cast their mecoma were 
found to be most suitable for shipping and storage. Data on 
the United States releases of this species are presented in 
table 27. 

FIELD STATUS 

The first recovery of Campoplex alkae was from cocoons col- 
lected in the winter of 1925-26 at Saugus, Mass. In 1927 it 
appeared in collections from four towns in the vicinity of Malden 
Mass., and in 1929 it was recovered at East Providence, R. I., and 
Quincy, Mass. The only recoveries of this species m the Lake 
States area were a few individuals takp 

Jerusalem Township, Lucas County, Ohio. Since 1930 the spe- 
cies has not appeared in the United States. The 
its failure to become established permanently is difficult to hnd. 
Recovery records in New England indicate that the species has at 
times been able to reproduce following a summer generation in 
the field. Apparently in the Lake States there has been no sur- 
vival for more than one generation. _ One important factor that 
would militate against its success is its lack of seasonal rhythm 
with the host, as discussed by Baker and Arbuthnot U ) • 

Although no hyperparasites have appeared from the tew co- 
coons recovered in the field, it seems probable that hyperparapt- 
ization might be a controlling factor, since some material im- 
ported from Europe is heavily hyperparasitized. Six species ot 
secondary parasites have been recorded as attackmg Ca,mpoplex 
alkae, and at times chalcidoids have appeared from imported 
cocoons, especially of Italian origin, in such numbers as to make 
collection of the C. alkae adults from the emergence cages difficult. 

The sex ratio of adults emerging from imported cocoons has 
always been most satisfactory. From over 41,000 adults recorded 
from 28 lots ranging in size from 21 to 9,225 individuals, the 
females averaged 60.6 percent of the total. This proportion varied 

little from year to year. , 

The adults are strong fliers and, unlike many parasites that 
linger for some time in the general vicinity of the release cage, 
usually make long high flights when liberated. 

Studies of this parasite have been made with the use oi neld 
cages (fig. 17.). Such studies have fully corroborated the ap- 
parently inefficient habit, noted by Thompson and Parker {35), 
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Table 28 . — Apanteles thompsoni adults released in the United States through December SI, 19^0 — Con, 

[All parasites released were from Europe except where indicated] 



140 



TECHNICAL BULLETIN 983, U. S. DEPT. OF AGRICULTURE 




BIOLOGICAL CONTROL OF THE EUROPEAN CORN BORER 



141 



of laying several eggs in one host in so many instances as to 
exclude the occurrence from being a matter of chance, buch 
superparasitization results in the death of all or all but one ot 
the parasites in a single host. The most important factor dis- 
closed by these field-cage studies, and one that possibly has a 
considerable bearing on the failure of the parasite to become 
established on Pyrausta nubilalis, was the apparent incompati- 
bility of the parasite with the host larvae that were prevalent 
near the western shore of Lake Erie. 

Oviposition was readily obtained in the field cages, but in many 
cages the eggs failed to hatch, even when only one was deposited 
per host. Of those that did hatch, almost all the larvae died in 
the first instar. Only a few live parasite larvae in the second 
instar have been recorded. Although parasitization as high as 
33 percent (as found by dissection) of the hosts was accomplished, 
no adult parasite was ever produced. It seems possible that some 




Figure 31. — Apanteles thompsoni, adult female. X 25. 



enzymic action was present, or possibly some necessary hormone 
was lacking in the borers of the Lake States area, which inhibited 

development of the immature parasite stages. 

If such incompatibility of host and parasite is the limiting 
factor, further releases in the area already tested would be des- 
tined to failure. No liberations have been made in the infested 
area south of New York. 

It is possible that the restricting factor or factors that would 
permit successful establishment may be absent in New Jersey or 
southward. 

Apanteles thompsoni Lyle (Fig. 31) 

Order : Hymenoptera. 

Family: Braconidae. 

Imported from: Northern France (a few from Japan). 




142 TECHNICAL BULLETIN 983, U. S. DEPT. OF AGRICULTURE 

Preferred host stage: Second-, third-, and fourth-instar larvae. 

Method of parasitization : Deposits eggs freely in body cavity 
of host. Deposits 20-25 eggs at a single thrust of the ovipositor. 

Hibernation: Partly grown first-instar larvae within body of 
host. 

Apanteles thompsoni is a thelyotokous, gregarious braconid 
parasite which occurs in Europe only in regions where the Euro- 
pean corn borer has but one generation. The results of a study 
of this parasite in Europe have been presented by Vance {39), 

COLONIZATION 

Apanteles thompsoni was first released in the United States at 
Medford and Arlington, Mass., in 1925 and was imported and 
liberated each year from 1925 through 1933. 

In 1927 it was imported in particularly large numbers and was 
released for the first time in the Lake States area. Liberations 
in this area continued through 1932. Data on the United States 
releases of Apanteles thompsoni are given in table 28. 

Because this parasite reproduces without fertilization by the 
male, and produces numerous offspring from a single host, it was 
thought to be an ideal species for laboratory reproduction. How- 
ever, attempts to obtain adults for liberation by laboratory rear- 
ing proved discouraging. Only a small number of the hosts 
exposed for parasitization produced parasites and the number 
of parasites per host, under conditions of mass production, was 
low. Only five adults from this source were released. 

FIELD STATUS 

Apanteles thompsoni has been recovered in the United States 
only at Saugus, Mass. A single parasitized host larva was taken 
in the fall of 1927 following a release of over 5,000 individuals 
at that point during the current year. The reason for the failure 
of this parasite to become established is not known. Its thelyoto- 
kous type of reproduction eliminates mating failure as a factor 
in establishment. It has been tested under diverse environmental 
conditions in areas where the life cycle of the host approximates 
that of the species in the region of its origin. It has not been 
tested in the more southern range of the borer in the United States 
but, since it is restricted to the 1-generation areas of the host in 
Europe, it seems unlikely that success would follow its introduc- 
tion into warmer parts of the infested area. 

Apanteles sp. 



Order: Hymenoptera. 

Family: Braconidae. 

Imported from : Japan. 

During the season of 1929 a braconid parasite, closely resem- 
bling, morphologically, the gregarious parasite Apanteles thomp- 
soni, emerged from hosts imported from Japan. Unlike the 
European species, however, males were present. In 1931 and 
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1932 this parasite appeared again in small numbers from imported 
oriental material. A few small colonies (table 29) have been 
released in the United States. The species has never been re- 
covered. 




Figure 32. — Campoplex multicinctus, adult female, x 12. 



Table 29. — Numbers of Apanteles sp, adults released in the 

United States 



State and County 


Township 


1929 


1931 


1932 


Total 


Massachusetts : 
Bristol 
Essex 
Plymouth 


Swansea 

Saugus 

Bridgewater 


30 

0 

0 


0 

78 

93 


0 

0 

187 


30 

78 

280 


Total 




30 


171 


187 


388 














New York: Schenectady 


Glenville 


3 


0 


0 


3 


Total, United States. 




33 


171 


187 


391 
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Campoplex multicinctus Grav. (Fig. 32) 

Order: Hymenoptera. 

Family: Ichneumonidae. 

Imported from : France. 

Preferred host stage : Probably small larvae. 

Method of parasitization : Egg deposited probably directly into 
body of immature host larvae. 

Hibernation : Larva in cocoon. 

Among the cocoons of Campoplex alkae and Microgaster tibialis 
imported from Paris, France, there appeared a small number of 
cocoons similar in coloration to those of C. alkae but slightly 
smaller in length and diameter and less dense in texture. From 
such cocoons there emerged two species of campoplegine para- 
sites, Campoplex multicinctus and C, pyraustae, bearing a close 
resemblance to each other. 

The chief diagnostic character for distinguishing between these 
two species lies in the thoracic carinae. In Campoplex multi- 
cinctus the median carinae are complete. The appearance of the 
thoracic sculpturing of the two species is shown in figure 33. 





Figure 33. — Dorsal view of propodia of parasite larvae, showing character of 
medium carinae: A, Campoplex multicinctus; B, C. pyraustae. 

Campoplex multicinctus was originally described in 1829. A few 
specimens of it were obtained each year from 1927 to 1933, in- 
clusive, with the exception of 1931. Data on the releases of this 
species are given in table 30. 

As in the case of other parasites imported in the cocoon stage, 
a number of hyperparasites are associated with Campoplex mul- 
ticinctus. Chief among these are Scambus nigricans (Thomson). 
Gelis fraudulentus (Foerst), Gelis sp., and an undetermined chal- 
cidoid. 

One individual of this species was recovered from a collection 
of borers taken in the summer of 1927 at Woburn, Mass., follow- 
ing releases made early that year in neighboring towns. 
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Table 30. — Numbers of Campoplex multicinctus adults released 
from Europe in the United States, through December SI, 19^0 



State and County 


Township 


1927 


1929 


1930 


1932 


TotaP 


Massachusetts:^ 
"R am stab! ft 


Falmouth 


0 


17 


0 


0 


22 


Rri Rtol 


Swansea 


0 


15 


0 


22 


37 


FIsspy 


Saiigns 


114 


103 


239 


0 


456 


MiddlpspY 


Arlington 


94 


0 


230 


3 


570 


Do 


Concord 


0 


0 


0 


22 


22 


Do 


Medford 


12 


0 


0 


0 


12 


Snffnllr 


Rpvprp 


10 


0 


0 


0 


10 






Total 




230 


135 


474 


47 


1,129 






New York:^ 

SphpTipptady 


Glenville 


0 


26 


0 


0 


26 


Suffolk 


Southold 


0 


0 


0 


0 


35 




Total 




0 


26 


0 


0 


61 






Ohio: Till pas 


Jerusalem 


0 


0 


357 


0 


357 




Rhode Island:^ 
Newport 


Portsmouth _ 


0 


0 


0 


0 


49 


ProvidpupA 


E. Providence 


0 


74 


0 


0 


74 




Total 




0 


74 


0 


0 


123 






Total, 

United States 




230 


235 


831 


47 


1,670 





^ The totals in this column include the numbers given in the footnotes to 
this table. 

^ In 1928, 243 adults were released in Arlington Township, Middlesex 
County. 

^ In 1933, 35 adults were released in Southold Township, Suffolk County. 

^ In 1933, 49 adults were released in Portsmouth Township, Newport County. 



Campoplex pyraustae Smith (Fig. 34) 

Order: Hymenoptera. 

Family: Ichneumonidae. 

Imported from : France. 

Preferred host stage : Probably small larvae. 

Method of parasitization : Egg probably deposited directly into 
body of host larva. 

Hibernation : Mature larva in cocoon. 

This is another of the campoplegine parasites that appeared 
among collections of Campoplex alkae and Microgaster tibialis 
cocoons collected in the vicinity of Paris, France. Following its 
discovery as a parasite of Pyrausta nubilalis, it was described 
as a new species by Smith (SI), Its importation and col- 
onization in the United States parallels closely that of Campo- 
plex multicinctus. Liberation data for C, pyraustae are given in 
table 31. 



828364°— 50 10 
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Table 31. — Numbers of Campoplex pyraustae adults released in 
the United States, through December 31, 191^0 



State and County 


Township 


1927 


1929 


1930 


1932 


Total! 


Connecticut : 

Npw TiOndori 


East Lyme — 


0 


1 


0 


0 


1 












Massachusetts 

Rnrnstahlp. 


Falmouth 

Swan sea 


0 


2 


0 

0 


0 


2 


Bristol 


0 


5 


16 


21 


Essex 


Saugus 


0 


176 


113 


0 


289 


Middlp.spv 


Arlington 

Concord 


258 


0 


125 


7 


1,293 

18 


Do 


0 


0 


0 


18 


Do 


Medford 

Quincy 


47 


0 


0 


0 


47 


Norfolk 


0 


7 


0 


0 


7 


Suffolk 


Revere 


20 


0 


0 


0 


20 








Total 




325 


190 


238 


41 


1,697 






New York:^ 

Schenectady 


Glcnville 


0 


4 


0 


0 


4 


Suffolk 


Southold 


0 


0 


0 


0 


12 






Total 




0 


4 


0 


0 


16 










Ohio! Tiiiofla 


Jerusalem 


0 


0 


38 


0 


38 


Rhode Island:^ 
Newport 


Portsmouth _ 


0 


0 


0 


0 


24 


Providencp 


E. Providence 


0 


23 


0 


0 


23 




Total 




0 


23 


0 


0 


47 






Total, 

United States 




325 


218 


276 


41 


1,799 





^ The totals in this column include the numbers given in the footnotes to 
this table. 

^ In 1928, 903 adults were released in Arlington Township, Middlesex 
County. 

^ In 1933, 12 adults were released in Southold Township, Suffolk County. 

^ In 1933, 24 adults were released in Portsmouth Township, Newport County. 



One individual of this species W'as reared from a collection of 
corn borers taken in the summer of 1929 at Quincy, Mass., fol- 
lowing* a release of seven individuals of the species at that colony 
site earlier in the year. 



Bracon atricornis (Smith) (Fig. 35) 

Order: Hymenoptera. 

Family: Braconidae. 

Imported from : France and Japan. 

Preferred host stage : Probably small larvae. 

Method of parasitization : Probably deposits egg directly into 
body cavity of host. 

Hibernation : Within mature host larva. 
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Bracon atricornis was described by Smith (30) under the name 
Agathis atricornis. Material imported into the United States 
originated in central France, northern Italy, and southern Japan. 
Only a few adults of this parasite were obtained from host larvae 
from either country. With the exception of a release of 183 indi- 
viduals in 1933 at Newport, R. I., all colonies consisted of less 
than 50 adults. None were liberated in the Lake States area. The 
releases in the United States are given in table 32. 




Figure 34 . — Campoplex pyraustae, adult female, x 13. 



This species has never been recovered in the United States. 

Since gravid females will oviposit readily in young feeding 
borers in the laboratory, the reason for the failure of Bracon 
atricornis to show even initial establishment was probably due 
to the small size of the colonies. 

Meteorus nigricollis Thoms. (Fig. 36) 

Order: Hymenoptera. 

Family : Braconidae. 

Imported from : Northern France. 

Preferred host stage : Third-, fourth-, and fifth-stage larvae. 

Method of parasitization : Single egg laid free in body cavity 
of host larva. 

Hibernation : In cocoon. 




Table 32. — Numbers of Bracon atricornis adults released in the United States, through December 81, 19U0 

[All parasites originated in the Orient except where indicated] 
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A colony of 8 adults of Meteorus nigricollis was released at 
Newport, R. L, in 1933. Since this represents the entire quantity 
made available for release in the United States from the consid- 
erable amount of host material observed in the country of its 
origin, its unimportance as a European corn borer parasite is 
readily appreciated. Notes on the biology and morphology of 
this parasite, as ascertained from the study of a small number 
of individuals associated with the European corn borer in France, 
have been published by Parker (25). The 8 adults released at 




Newport were obtained from 68 cocoons received from Europe in 
the spring of 1933, and no recoveries of this species have been 
made in the United States. 

Aplomya mitis (Meig.) 

Order: Diptera. 

Family: Larvaevoridae. 

Imported from : Europe. 

Preferred host stage: Probably from small larvae to fourth 
instar. 

Method of parasitization : Probably deposits mature eggs or 
living larvae. 

Hibernation : Small larvae within mature host larvae. 
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From the imported host larvae received in the winter of 1927- 
28 from the vicinity of Paris, France, there emerged a small 
number of larvaevorids, similar in general appearance to Lydella 
stabulans grisescens, but having hairy eyes. This hairy-eyed 
species was introduced under the name Zenillia mitis Meig., but 
at that time no difference in morphology or coloration was found 
between it and the widely distributed Aplomya caesar, which is 
native to the United States. 

Importations of small numbers of this parasite were made an- 
nually from 1928 through 1933, inclusive, and small colonies were 
released each year in both the Eastern States and Lake States 
areas. The largest colony was liberated in Jerusalem Township, 
Lucas County, Ohio, in 1930. Releases of the species in the United 
States are given in table 33. 




Figure 36 . — Meteorus nigricollisy adult female, x 10. 



The confusion that existed regarding the identity of Aplomya 
mitis with A. caesar has, in the past, made accurate recovery 
records impossible. An examination of the data relative to re- 
covery of larvaevorids conforming to the description of either 
A. mitis or A. caesar shows that such flies have been recovered 
in nearly equal numbers from localities far removed from colony 
sites of A. mitis, or in collections made prior to the introduction 
of A. mitis, as from localities in the vicinity of points where 
A. mitis had been released. However, Wendell Sellers has recently 
completed a study of the genus and has found a diagnostic char- 
acter by which the European species may be distinguished from 
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the form native to the United States. In A. mitis, the species 
imported from Europe, the paraf rentals are silvery-smoky, Avhere- 
as in A. caesar, the species indigenous to the United States, they 
are tawny-brassy. Mr. Sellers’ research in connection with the 
genus led him to believe that none of the flies recovered in the 
United States belong to the species A. mitis. 

PSEUDOPERICHAETA ROSEANAE (B. & B.) (Fig. 37) ^ 

Order: Diptera. 

F amily : Larvaevoridae. 

Imported from : Europe. 

Method of parasitization : Fully developed eggs deposited on or 
near host. 




Figure 37. — Pseudoperichaeta roseanae, adult female, x 9. 

Preferred host stage : Probably middle larval instars. 
Hibernation : Larva "within mature host larva. 

The morphology of the immature stages and of the adult 
Pseudoperichaeta roseanae and a brief account of its biology as 
a parasite of the European corn borer in Europe, have been pub- 
lished by Thompson and Thompson (.36 ) . 




Table 33. — Numbers of Aplomya mitis adults released from Europe in the United States, through December 31 

19A0 
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Table 34. — Pseudoperichaeta roseanae adults released in the United States through December 31, 1940 Con. 

[All parasites from Europe except where indicated] 
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COLONIZATION 

This larvaevorid was one of the first three species to be im- 
ported, a small colony being liberated at Watertown, Mass., in 
1920. 

The species was imported annually from 1920 through 1934, 
except in 1923 and 1924. Releases were made in the Lake States 
area in 1927-33. Colonization data for this species are given in 
table 34. 

The earliest importations were made in the summer with the 
parasite in the pupal stage. The great bulk of the imported 
material, however, was received as immature larvae within hiber- 
nating host larvae shipped during the winter months. A few 
adults were obtained from northern Italy and from the area 
around Paris, France, but most of the imported material came 
from southern France. 

FIELD STATUS 

Pseudoperichaeta roseanae is another of the imported larvae- 
vorid parasites which has been confused with a species indigenous 
to the United States, being indistinguishable, morphologically, 
from P. erecta (Coq.). Accuracy of recovery records, therefore, 
relative to P. roseanae has been impossible, and it is regarded 
as never having been established. However, unlike the evidence 
that suggests the probable nonestablishment of the equally con- 
fusing larvaevorid Aplomya mitis, there is some indication that 
initial establishment at least followed the introduction of P. rosea- 
nae at certain points. 

From the year 1927, when general collections to determine the 
status of corn borer parasites were first begun, a larvaevorid 
conforming to the description of Pseudoperichaeta roseanae was 
obtained yearly from most of the locations examined in eastern 
New England. In 1927 and 1928 these recoveries indicated a 
parasitization no greater than 1 percent at any of the locations 
observed, whether near release points or otherwise. In the sum- 
mer of 1929, however, a season in which certain other imported 
parasites of the corn borer showed a noticeable increase, para- 
sitization by this larvaevorid throughout eastern Massachusetts 
was generally higher than in the two previous years, with two 
of the collections showing concentrations higher than 17 percent. 
In the summer of 1932, 2,300 adults of this larvaevorid were 
recovered from a large amount of host plant material, which 
produced 7,400 adults of Horogenes punctorius but only 1,600 
adults of Lydella stabulans grisescens. While such concentrations 
do not conclusively demonstrate the establishment of P. roseanae^ 
they indicate the presence of some factor, such as the introduction 
of a foreign parasite, which exerted a greater augmenting in- 
fluence than could be expected from the normal concentrations 
of a native parasite. 

Whether or not Pseudoperichaeta roseanae ever became estab- 
lished may be open to question, but records of recent years point 
conclusively to its failure to maintain itself. No recovery of a 

828364°— 50 12 
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larvaevorid resembling P. roseanae has been made for a number 
of years from any collection of European corn borers in the United 
States. 

While parasitization of corn borers by Pseudoperichaeta rosea- 
nae in most areas in Europe is low, seldom rising above 1 per- 
cent, it has reached considerable proportions in certain limited 
localities. Parker et al. (27) have noted parasitizations of 24 
and 30 percent in the coastal areas of Dalmatia and 11 percent 
in southwestern France. 

Evidence of a favorable potential of the parasite in limited 
optimum areas, in conjunction with the probability that it is 
capable of strong initial establishment, suggests the desirability 
of testing the species further in uncolonized areas. 

Nemorilla floralis (Fallen) 

Order: Diptera. 

Family: Larvaevoridae. 

Imported from : The Orient. 

Hibernation : Within mature host larva. 

In 1932 a few adults of this species issued from larval host 
material imported from the Orient (Chosen and southern Japan) . 
During this year releases were made as follows : Connecticut 553, 
Massachusetts 371, and Ohio 843, or a total of 1,747. The species 
has been recorded as a parasite of the European corn borer in 
southern France but was not recorded as being imported from 
that region. 

The small number of adults imported reflects the slight im- 
portance of the species in the Orient. The species is also indige- 
nous to the United States and for a number of years prior to its 
introduction from Japan, it had been recorded as generally dis- 
tributed over eastern New England as a corn borer parasite. 
Field observations on the species have not suggested any biologi- 
cal difference between the native and imported form. 

Pseudoperichaeta erecta (Coq.) 

Order: Diptera. 

Family: Larvaevoridae. 

Imported from : The Orient. 

Method of parasitization: Probably deposits fully developed 
eggs on or near host. 

Preferred host stage : Probably middle-instar larvae. 

Hibernation : Larva within mature host larva. 

The history of the importation of this species is similar to that 
of Nemorilla floralis, adults having been imported only from the 
Orient and in the years 1932 and 1933. Releases were made as 
follows : Connecticut 193, Massachusetts 844, New York 4, Ohio 
499, or a total of 1,540. All but 12 of these adults were released 
in 1932. 

This species, like Pseudoperichaeta roseanae, has been recorded 
as indigenous to the United States and is indistinguishable mor- 
phologically from the latter larvaevorid parasite imported from 
Europe. 
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The characters by which the puparia of the four species of 
larvaevorids imported to the United States may be separated are 
shown by photographs of the anal stigmata (fig. 38) . 




Figure 38. — Anal stigmata from the puparia of four larvaevorid parasites of 
the European corn borer: A, a, Nemorilla maculosa; b, N, fioralis; By Ly^ 
della stabulans grisescens; C, a, Pseudoperickaeta erecta; 6, P, roseanae; 
D, a, Aplomya mitis; b, A. caesar, x 210. 



Microgaster tibialis Nees (Fig. 39) 

Order: Hymenoptera. 

Family: Braconidae. 

Imported from : Europe, the Orient. 




Figure 39. — Microgaster tibialis^ adult female. X 16. 




Table 35 . Numbers of Microgaster tibialis adults released in the United States through December 31, 19U0 
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Method of parasitization : Deposits eggs singly, free in body 
cavity of host. 

Preferred stage : Second- and third-instar borers. 

Hibernation : As a prepupa in cocoon. 

The results of a study of this species as a parasite of Pyrausta 
nubilalis in Europe have been published by Vance (-il ) . 

COLONIZATION 

Mierogaster tibialis occurs in Europe and the Orient in areas 
having both one and two generations of the host. In each region, 
however, it is more abundant in the northern range of the borer. 
Shipments from Europe were chiefly from the vicinity of Paris, 
France, but some material was obtained in southwestern France 
and northern Italy. The first importations were made fpm 
Europe during the winter of 1923—24, and yearly importations 
from this source continued through 1933. In 1935—36 further 
importations were made from Europe, to provide material for 
releases in untested areas, chiefly south of New York. 

Releases in the Lake States area were first inade in 1927 and 
continued yearly through 1933. Only adults originating in Europe 
were released in the Lake States. 

In 1931 and 1932 a small number of cocoons from Chosen were 
imported and the adults that hatched therefrom were released at 
Saugus and Bridgewater, Mass. 

When adults of this species were first obtained in 1924, attempts 
were made to rear material in the laboratory for liberation. A 
trial was made of reproducing the species by placing larvae that 
had been exposed to parasitization on growing plants in a green- 
house. Practically no adults could be obtained by this method 
and the technique described by Jones {18) proved to be the most 
productive. As a result of this laboratory rearing, a small num- 
ber of host larvae that had been exposed to parasitization were 
placed on infested plants in the field in 1924, and in 1928 a num- 
ber of adults obtained by rearing were liberated in eastern 
Massachusetts. 

In that year over 25,000 host larvae were exposed to parasiti- 
zation in the laboratory, but of this number only 21 percent pro- 
duced parasites. Records kept during the production period 
showed that the best results were obtained between July 1 and 
August 15, and that earlier and later rearing activity was much 
less productive. The parasitization of the host larvae and their 
subsequent rearing until parasite cocoons were produced involved 
considerable time and labor and, because of the small number of 
cocoons obtained per unit number of host larvae exposed for 
parasitization, it was found to be more economical to import 
material for colonization than to rear it. The liberations in the 
United States of adults from all sources are shown in table 35- 

When studying the life history of Mierogaster tibialis in Eu- 
rope, the writers noted that the seasonal rhythm of the parasite 
did not synchronize with that of its host, the parasite adults 
appearing in the spring in the colder areas, far in advance of 
their host. When held under natural environmental conditions 
ill the United States, imported cocoons also produced adults at 
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a time when no hosts were present in the field, and releases from 
such material produced no establishment. Methods utilized in 
correcting this situation and the results obtained have been pub- 
lished by Baker and Arbuthnot (1). 

FIELD STATUS 

Following a release of 449 adults of Microgaster tibialis in the 
spring of 1924 at Arlington, Mass., the species was recovered 
near the release point in the fall of that year. 

Recoveries were recorded in Massachusetts in several subse- 
quent years, but only at points where current releases had been 
made. With the cessation of supporting releases the parasite 
was no longer recovered. 

The field status of the species in the Lake States has been 
reviewed by Baker and Arbuthnot (1), who state that recovery 
collections “failed in every instance to show this parasite present 
except in those localities where current synchronized liberations 
were also made.’’ 

Two chief factors, one contingent on the other, stand out as 
an explanation of the failure of Microgaster tibialis to survive in 
the United States. 

The habit of the adults of appearing early in the spring, long 
before their hosts are available in the field, apparently constitutes 
a disadvantage to the parasite in areas where alternate hosts, by 
means of which the intervening period may be bridged, are absent. 

Evidently alternate hosts, which might serve the purpose of 
enabling the parasite to survive the period between parasite 
emergence and the appearance of third-instar borers in the field, 
are absent from the area in which the parasite has been tested. 

In certain localities in Europe Microgaster tibialis has shown 
itself capable of comparatively high concentrations. Vance Hi) 
states: “The average parasitism for the eight-year period (1922- 
1929, inclusive) in the region of Paris, was 29.7 percent, with 
maximums of 63.2 and 52.5 percent in 1925 and 1926, respec- 
tively.” 

The species is decidedly polyphagous in habit. Thompson and 
Parker {3Jf) note that 14 species of Lepidoptera have been re- 
corded as hosts. 

Since its maintenance in the United States appears to be de- 
pendent on its ability to find an alternate host, and on the avail- 
ability of this host, the parasite is apparently incapable of building 
up to a considerable population. Therefore its further testing in 
uncolonized regions seems desirable. 

Labrorychus sp. 

Order: Hymenoptera. 

Family: Ichneumonidae. 

Imported from : Italy. 

Preferred host stage : Probably full-grown larva. 

Method of parasitization : Eggs probably oviposited directly 
into body of host. 

Hibernation : Larva within mature host larva. 
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Fifty-three adults of a species of Labrorychus were obtained 
from the corn borer larvae collected in the vicinity of Pietra- 
santa, Italy, during the winter of 1934-35. This parasite attacks 
the host larva, but does not leave it until the host has pupated. 
Since the individuals obtained during the emergence season of 
1935 were the only ones obtained from the thousands of host 
larvae handled over several years of importations, the parasite 
was considered of no economic importance and no specific attempts 
were made to obtain adults for colonization. 

Paratheresia claripalpis (V. D. W.) 

Order: Diptera. 

Family: Larvaevoridae. 

Imported from : Peru, South America. 

In July 1931, 5,000 puparia of this larvaevorid fly were diverted 
from a lot of 70,000 being shipped to the United States for use 
against the sugarcane borer. From the 5,000 cocoons, 1,476 adults 
were obtained, 1,163 of which were released in Saugus, Mass., 
and the remainder were tested on Pyrausta nubilalis larvae in 
the laboratory. No specimen of Paratheresia claripalpis was re- 
covered and attempts to rear it in the laboratory on P. nubilalis 
were unsuccessful. 



PARASITE COMPLEXES AT TEST POINTS IN THE UNITED STATES 

Because of the slow increase and spread of all corn borer para- 
sites, equilibrium between the host and parasites has been at- 
tained at only one point in the United States, that is, a compara- 
tively small area north and west of Boston, Mass., where the 
earliest releases were made. At all other points one or more 
of the parasites present are in the process of change in relation- 
ship with the host. A discussion of the parasite complexes as 
based on recent surveys follows. 

Malden, Mass. 

Malden, Mass., designates a group of release points at which 
the earliest introduced parasites were liberated. (See Arlington, 
Cambridge, Concord, Lexington, Malden, Medford, Peabody, Re- 
vere, Saugus, Waltham, and Watertown, in the colonization ta- 
bles.) Exotic parasites are present over an area of at least 177 
square miles. The parasites of importance in this locality in 
1940 were Horogenes punctorius, Ly della stabulans grisescens, and 
Phaeogenes nigridens, and of these H, punctorius was predomi- 
nant. For the overwintering generation of the host, the rate of 
parasitization seemed to have become stabilized at approximately 
14 percent, with an oscillation of plus or minus 3 percent. This 
parasite status had been maintained over 9 consecutive years 
(18 generations of the borer). On the summer generation, para- 
sitization averaged considerably higher, the survey of 1938 show- 
ing a parasitization of 25.7 percent and that of 1939, 19 percent. 
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Taunton, Mass. 

This town lies in the approximate center of a 2,000-square-mile 
area in southeastern Massachusetts influenced by a number of 
release points including that at Bridgewater, Mass., which was 
reserved for parasite species of Oriental origin. Other release 
points in that area are Portsmouth and East Providence, R. I., 
and Swansea, Falmouth, Quincy, and Dighton, Mass. 

The exotic parasite complex in the Taunton locality consists 
of five species, as follows: Lydella stabulans grisescens, Horo- 
genes punctorius, Macrocentrus gifuensis, Chelonus annulipes, 
and Zaleptopygus flavo-orbitalis. 

Table 36 gives the borer parasitization by introduced parasites 
in 5-mile-wide concentric rings in the Taunton area in 1938. 

It may be noted from this table that the braconid Macrocentrus 
gifuensis was the most effective parasite, with the larvaevorid 
Lydella stabulans grisescens next in importance. Table 37 shows 
the comparative abundance of four exotic species in the Taunton, 
Mass., locality at the close of 1937 and 1938. In the fall of 1937 
L. stabulans grisescens was the most abundant corn borer para- 
site but, notwithstanding its considerable increase in 1938, it was 
overtaken because of the striking increase of M. gifuensis. It 
was estimated that in certain fields in this locality many more 
parasites than corn borer adults issued in the spring of 1939, 
and in 1940 the Taunton locality was a more satisfactory source 
of certain well-established corn borer parasites, particularly M. 
gifuensis, than either the European or the oriental countries from 
which they were first imported. The increase in 1938 over that 
of 1937 indicates that equilibrium with the host was not reached 
prior to 1938. It is also evident that the equilibrium position 
at Taunton will be characterized by a higher percentage of para- 
sitization than that at Malden. 

East Hartford, Conn. 

Horogenes punctorius and Lydella stabulans grisescens consti- 
tute the exotic parasite complex that is well established on the 
corn borer in the East Hartford locality. H. punctorius is the more 
important and accounts for most of the parasitization (table 38), 
not only for the entire area of over 63 square miles but also in 
each of the concentric districts that make up the area surveyed. 

The East Hartford locality provides a particularly favorable 
release point for the study of the rate and direction of parasite 
dispersion, because it was one of the earliest in New England to 
be colonized on the spot-release basis, other release points being 
suificiently far removed that their influence would not confuse 
the records. It is thus significant to note that the percentages of 
parasitization by Horogenes punctorius decreased fairly uniformly 
as the distance from the center of the locality increased. This 
graduated decrease showed that the parasite had not nearly 
reached its equilibrium position for the area as a whole. 

Table 39 shows the increase in parasitization of the borer in 
the central district, a circular area 3 miles in diameter, of the 
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Table SS.— European corn borer parasitization by exotic species 
in the East Hartford, Conn,, locality by concentric rings, fall 
of 1938^ 



Section numbers 


Borers 

ob- 

served 


Borers parasitized by — 


Total 


Horogenes 

punctorius 


Lydella 

stabulans 

grisescens 




Num- 


Num- 


Per- 


Num- 


Per- 


Num- 


Per- 




her 


her 


cent 


her 


cent 


her 


cent 


1 


89 


10 


11.2 


0 


0 


10 


11.2 


2-7 


473 


69 


14.6 


4 


0.8 


73 


15.4 


8-19 


939 


99 


10.5 


15 


1.6 


114 


12.1 


20-28 


790 


61 


7.7 


4 


.5 


65 


8.2 


29-40 


1,175 


47 


4.0 


14 


1.2 


61 


6.2 


1-7 


562 


79 


14.1 


4 


.7 


83 


14.8 


1-19 


1,501 


178 


11.8 


19 


1.3 


197 


13.1 


1-28 


2,291 


239 


10.4 


23 


1.0 


262 


11.4 


1-40 


3,466 


286 

i 


8.3 


37 


1.1 


323 


9.4 



^ Area surveyed: Center circle, 1 mile in diameter (sec. 1), surrounded by 
four rings (secs. 2-7, 8-19, 20-28, and 29-40, respectively), each 1 mile wide. 



Table 39. — European corn borer parasitization for a comparable 
district ( a circular area of over 7 square miles around the point 
of parasite release) at East Hartford, Conn,, 193i-40 



Year 


Borers parasitized by — 


Total 


Horogenes 

punctorius 


Lydella 

stahulans 

grisescens 




Percent 


Percent 


Percent 


1934 


0.27 


1.33 


1.60 


1935 


3.62 


2.21 


5.83 


1936 


3.40 


.69 


4.09 


1937 


7.94 


.53 


8.47 


1938 


14.06 


.71 


14.77 


1939 


14.10 


1.50 


15.60 


1940 


20.00 


5.00 


25.00 



East Hartford locality over the 5-year period 1934~38. Para- 
sites were originally released in 1934. The parasitization of the 
borer in this central district in the fall of 1938 is shown to be 
14.8 percent, which approximates the 5-year equilibrium position 
of parasites at Malden, Mass. As previously indicated, it is prob- 
able that the equilibrium position of parasites, as determined by 
the percentage of borers parasitized at East Hartford, will be 
considerably higher than that at Malden, Mass. 



Miscellaneous Points in the Eastern States 

At other points surveyed recently in the multiple-generation 
area, parasite releases have been of such recent date that con- 
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elusion relative to their ultimate performance 'would be prema- 
ture. The present status of parasites at points surveyed in New 
Jersey and Virginia has been discussed under the various parasite 
headings. A considerable number of the points at which releases 
have been made in the multiple-generation area have not been 
examined. Probably a number of the parasites that are on a 
maintenance basis at the surveyed test points have become estab- 
lished at many of the dispersion colony sites. 

The Lake States Area 

This area is treated as a whole, because only three parasites are 
known to be established on a maintenance basis in areas where 
one generation of the borer predominates. In a locality near the 
southwestern shore of Lake E]rie, and definitely limited in its 
range to the marshland of this locality, the larvaevorid Lydella 
stabulans grisescens is present in considerable concentration. 
Individual collections near marshland in Lucas County, Ohio, 
showed a higher percentage of parasitization by L. stabulans 
grisescens alone than that produced by the entire complex of 
parasites in collections from any other point. 

Parasitization within miles of the Jerusalem Township 
release point reached 20.9 percent in 1938. Since this was an 
increase over previous years, it is evident that equilibrium with 
the host was not reached prior to that year. 

The other two parasites, Eulophuo viridulus and Chelonus an- 
nulipes, are of more recent establishment and are not coexistent 
v/ith Lydella stabulans grisescens or with each other, and there- 
fore cannot be said to compose an exotic-parasite complex. Their 
present status has been fully discussed under the respective spe- 
cific headings. 

Although parasites have been released at colony sites other than 
those at which surveys have been made, it seems probable, from 
our knowledge of the reaction of the different species at observed 
test paints, that no notable parasitization exists in the Lake States 
area other than in the limited sections, previously described. 

Utilization of Native Hosts by Imported Parasites 

In order to determine the extent to which native insects were 
being utilized as hosts by imported parasites, collections were 
made in the vicinity of certain release points. All these studies 
were made incidental to other parasite activities, and in the mul- 
tiple-generation area they were extremely limited in extent. In the 
Lake States area, over the 4-year period 1930-33, 46 species of 
hosts, more or less closely associated with the corn borer, were 
observed for parasitization. From these, 147 species of parasites, 
18 of which were new to science, were reared. 

Macrocentrus gifuensis was recovered from Pyrausta ainsliei 
and P. penitalis in 1932. This appeared to be a case of accidental 
parasitization, as M, gifuensis failed to recur in collections of 
subsequent generations of similar hosts. 
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Eulophus viridulus was recovered ixom Pyrausta ainsliei and 
P. penitalis, and with this species such choice of hosts appears to 
be a normal occurrence. 



FIELD STATUS OF NATIVE PARASITES 

From the time when observations were first made to determine 
the status of European corn borer parasitization in the United 
States, it was noted that certain of the parasites indigenous to 
the localities under observation attacked the borer. Surveys con- 
ducted over a considerable number of years have indicated that 
such parasitization has remained at a low level. There has evi- 
dently been no tendency toward an increase in attack by native 
parasites, and where exotic species have become appreciably con- 
centrated, there have been fewer recoveries, both quantitatively 
and qualitatively, of autochthonous forms. 

Trichogramma minutum Riley 



Native parasites have attacked the borer in all immature stages 
but the highest concentrations have been recorded on the egg by 
the cosmopolitan chalcidoid TvichoQTdTfi'nid pivnutuTYi. This ^^h 
parasitization occurs too late in the season, however, to be effec- 
tive. In the Lake States area corn borer eggs are seldom at- 
tacked, but parasitization has been recorded from a few localities 
in Erie and Lucas Counties, Ohio. In the eastern area parasitiza- 
tion of first-generation eggs is negligible. By the middle of 
August a small number of second-generation eggs are found to 
be attacked, and parasitization slowly increases but remains low 
until the first of September. During the later part of the host- 
ovinosition period, when only a small proportion of the seasons 
total eggs are in the field, parasitization by T. minutum rises 
rapidly. At this time it is not unusual to find over 90 percent of 
the eggs in the field parasitized by this chalcidoid. 

It was early recognized that if this high degree of parasitiza- 
tion could be attained during the maximum oviposition period 
of the European corn borer, appreciable control would result. 
Accordingly in 1928, 1929, and 1930 in Massachusetts, and in 
1928 and 1929 in Ohio, attempts were made to deterniine the 
feasibility of producing such high parasitization artificially by 
the use of a temporary host. 



REARING METHODS 

Propagation of host material from which the parasites for the 
1928 tests were to be obtained was started in the fall of I""'' 
The host selected, Sitotroga cerealella (Oliv.), -was reared the first 
year in a single large cage holding a ton of wheat spread out m 
thin layers on 1-inch-mesh wire screening. .With the aid of 
vacuum moths were collected daily into the oviposition cans, the 
oSSr wSing within the cage. In 1929 and 19S0 the rearing 
cages were reduced to smaller units and the wheat was 
in shallow trays. The cage as finally adopted embodied many of 
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the principles later utilized by other workers. By means of a 
suction tube designed for the purpose, moths for oviposition pur- 
poses could be removed from any desired number of cages, or 
simultaneously from an entire battery (fig. 40) . 

PARASITIZATION OF HOST EGGS 

Host e&ss glued to circular cards were parasitized at the rate 
ot about 4,000 parasites per card for distribution in the field. 



FIELD TESTS 



^"^2 cornfields in Massachusetts, one at Medford and 
the other at Saugus, were selected for tests on first-generation 
eggs of the corn borer. Although these fields had been chosen 
Realise of their location in areas of previous heavy infestation 
the egg deposition that year in fields under observation was so 
light as to make parasite-dispersion records unsatisfactory. 




Figure 40.— Rearing Sitotrofj-a cerealella in the lahoratory. Suction apparatus 

Genera ^ large number of cages simultaLoSsly f l! 

General view of unit; B, close-up of assembly of unit. 



For tests on the second-generation eggs of the 1928 season two 
fields in Waltham, Mass., were selected. In Field A (0.33 acre) 
the cards of parasitized eggs were all placed at one point in the 
1 o AAA were made as follows : August 17, 

1 20,000; and August 28 

^0,000, or a total of 76,000 parasites. 

• liberation points, one 

in each of the four quarters of the field. Equal numbers of para- 
sitized eggs were placed at each point on each liberation date 
Liberations were as follows: August 17, 48 000- August 91 
80 000; August 24, 80,000; and August 28: 48,000,’or ^total of 
256,000 parasites. 

fields natural host oviposition was high. In Field 
A, 2,976 egg masses, or 79,337 eggs, were observed ; in Field B 
685 masses containing 17,083 eggs, were found. All host eggs 
were marked and their fate observed. Observations to discover 
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new eggs and to observe the status of eggs previously discovered 
were made on August 17, 24, and 31, and on September 8 and 13. 
The data on host oviposition and parasitization are given in 
table 40. 

Parasitization in Field B progressed in a manner similar to 
that in Field A. It increased as the season advanced, and par- 
alleled the usual course of Trichogramma minutum on the second 
generation of the corn borer in eastern New England (table 40). 

Although parasitization of host eggs laid during the latter part 
of the oviposition period reached nearly 70 percent, the average 
parasitization of the eggs of that generation was only 27 percent. 
A record was kept of the position of all eggs in the field. The 
percentage of parasitization was highest in the parts of the field 
that had the highest concentration of host eggs. 

The parasitization in Field B was not so high as in Field A, 
even though parasites were released in Field B at the rate of 
nearly one-half million per acre. 

Table 40. — Oviposition and parasitization hy Trichogramma mi- 
nutum in Field A in tests on the second-generation host eggs, 
1928 



Observation 

date 


Fresh eggs 
observed 

1 


Fresh host eggs that 
became parasitized 


Percent of fresh 
host eggs found 
at each examina- 
tion that became 
parasitized 


Number 


Percent 


Number 


Percent 
of total 
parasitized 
eggs 


Aug. 17 — . 


15,797 


19.91 


642 


2.96 


4.06 


Aug. 24 — 


16,328 


20.59 


2,508 


11.55 


15.36 


Aug. 31 — . 


32,158 


40.54 


10,334 


47.59 


32.14 


Sept. 8 


11,374 


14.34 


5,714 


• 26.31 


50.24 


Sept. 13 __ 


3,660 


4.61 


2,517 


11.59 


68.77 


Total — 


79,317 


100.00 


21,715 


100.00 


27.38 



Although the numbers of eggs deposited in these fields were 
high, their distribution in the field was not sufficiently uniform to 
obtain the most accurate data on the dispersion of the parasite. 
Accordingly, in 1929 controlled infestation was resorted to and 
host eggs laid on growing corn leaves were obtained at all de- 
sired points in the field. The method employed to obtain this 
result consisted of placing one male and three female moths in a 
small wire cage over the corn leaf upon which the eggs were 
desired. This infestation was accomplished in June at the time 
when first-generation corn borer eggs were being laid in the field. 
A total of 97,000 parasites, or about 340,000 per acre, were re- 
leased on three dates, as follows: June 22, 32,000; June 27, 35,000; 
and July 2, 30,000. 

Although parasitization in the immediate vicinity of the release 
points reached about 30 percent, the percentage of parasitization 
decreased rapidly as the distance from the release points in- 
creased, and the total parasitization of all the eggs in the field 

828864"— 60 18 
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averaged only 8 percent. Parasitization of eggs in a check field 
taken during the last part of the first-generation oviposition 
period averaged about 2 percent. 

In 1930 the Trichogramma minutum tests were repeated, using 
controlled infestations and timing these infestations to corre- 
spond with the natural oviposition periods of both the one and 
two generations of the hosts. Parasites were released in the test 
fields at the rate of over 400,000 per acre for each generation. 

^ As in 1929, a slight but economically valueless increase in para- 
sitization over that of eggs in check fields was noted in the host 
eggs of the first generation. No increase over natural parasitiza- 
tion was obtained from parasite releases against second-genera- 
tion host eggs. 

It was thought that releases of parasites in the vicinity of 
cornfields sufficiently early in the season might permit natural 
increase of the parasite on native hosts to numbers of beneficial 
magnitude by the time corn borer host eggs appeared. To test 
this possibility, over 650,000 parasites were released in the vicin- 
ity of a small cornfield in a heavy growth of grass, weeds, berry 
bushes, deciduous shrubs, and various species of trees. These re- 
leases started on May 1 and were completed before June 10. No 
increase in parasitization on corn borer eggs was noted as a result 
of these releases. 

Tests with Trichogramma minutum in 1928 and 1929 in Toledo, 
Ohio, on eggs of the single-generation strain of the borer pro- 
duced a low percentage of parasitization as an average for large 
fields (10 acres). In these fields, as in those observations in 
Massachusetts, parasitization was highest in the immediate vicin- 
ity of the release points. 

From all tests it appeared that the maximum spread as a direct 
result of a liberation was not over 100 feet, and dispersion to a 
distance gl^iSater than 50 feet was unusual. It appears, therefore, 
that when the liberations are made as outlined above very little 
benefit can be expected from releases of Trichogramma minutum 
for corn borer control. 

ApLOMYA CAESAR (Aid.) 

Because of the confusion that existed for a number of years 
regarding the identity of this and the imported species Aplomya 
mitis, all recovered flies that answered their general description 
were classified as the native species. This is more fully treated 
under the foregoing discussion of A. mitis. A, caesar has been 
recovered in greater numbers than any of the native parasites 
except Trichogramma minutum. In some years, in restricted 
areas, a considerable number of corn borers are killed by it. In 
1936 the parasite was abundant in several collections of corn 
borer larvae from Lake and Summit Counties, Ohio, a-nd in one 
collection from Northampton Township, in which over 30 percent 
of the borers were parasitized by it. 

In the Lake States area most of the parasites of this species 
attacking single-generation borers emerge before winter. The 
proportion of those doing so, however, varies with their geo- 
graphical location. In 1938 over 90 percent of the specimens 
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recovered in Ohio had emerged prior to the time of collection in 
the fall, whereas only 60 percent of those taken in Michigan had 
emerged. Also, of those puparia formed by larvae issuing from 
the hosts prior to the October collections, none had failed to 
emerge among those collected in Ohio; whereas, of those taken 
along the Detroit River in Michigan, 30 percent had died, a fact 
indicating that the advent of cold weather in the autumn consti- 
tutes a mortality factor with this species, as with Lydella stabu- 
Ians grisescens. 

There is no indication of increase in parasitization by Aplomya 
caesar. 

Labrorychus prismaticus (Norton) 

This native ichneumonid attacks the European corn borer larva, 
but emerges from the pupa. It is recovered from single-genera- 
tion hosts in the Lake States area and from pupae of both genera- 
tions in New England. Larvae parasitized by Labrorychus 'pris- 
maticus usually pupate a short time in advance of nonparasitized 
borers. 

The percentage of borers attacked is always low, and there hat 
been no indication that it is increasing in importance as a para- 
site of the corn borer. 



Bassus agilis (Cress.) 

This ichneumonid has been recovered from borers in both the 
Lake States and the Eastern area, but is more prevalent in the 
latter. Parasitization by the species over large areas never aver- 
ages more than 1 percent, but in some years in restricted localities 
as high as 10 percent of the borers have been attacked by it. It 
has been found attacking the borer as far south as New Jersey. 

Pyraustomyia penitalis (Coq.) 

Pyraustomyia penitalis is a parasite of the corn borer through- 
out the northern range of the borer in the United States, but 
seems to be more prevalent in collections from Ohio and Michigan. 
This parasite apparently does not have more than one generation 
cn the single-generation strain of borer, since no puparia from 
which the adults have emerged are found during the year of 
parasitization where the single-generation strain of host pre- 
dominates. However, this larvaevorid does attack, and produces 
one generation on the first generation of borers in areas where 
the host has two generations. 

Microbracon caulicola Gahan 

This gregarious ectophagous braconid attacks the European 
corn borer in New England and the Lake States, but seldom at- 
tacks it when it is feeding on corn. Between 1930 and 1940, from 
over 200,000 corn borer larvae taken from corn plants in the Lake 
States area, only one colony of Microbracon caulicola was re- 
covered. However, when corn borer larvae are found asspci^t^d 
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with smartweed (Polygonum they are commonly parasitized 
by M. caulicola. In cages used to study the life and seasonal 
history of parasites, some of the corn borer larvae from a heavy 
artificial infestation of corn migrated to smartweed growing 
between the cornstalks in the cage. The larvae in the smartweed 
showed considerable parasitization from M. caulicola adults, which 
entered the cage, probably through the screening, but the parasite 
was not found attacking many borers in the corn. 

Microbracon gelechiae (Ashm.) 

This gregarious endoparasite is another species that attacks the 
borer more often when the latter is associated with host plants 
other than corn. It has been found attacking the early instars 
of second-generation borers in potatoes at New Haven, Conn. 
All the borers observed that were killed by this parasite were in 
the second instar. It was not found to be parasitic on first-genera- 
tion borers in corn or other host plants. 

Nemorilla maculosa (Meig.) 

This larvaevorid has been recovered from second-generation 
borers in New England, where it was observed as an occasional 
parasite of the borer early in the study of its biological control. 
Nemorilla maculosa is indistinguishable morphologically from 
the species imported in 1932 from the Orient under the name 
N. fioralis (Fall.). No change has occurred in the status of 
parasites conforming to the description of these species to indicate 
any specific biological difference between them. As high as 
11 percent parasitization of borers from individual fields has 
been recorded. 



PSEUDOPERICHAETA ERECTA (Coq.) 

Reference has been made to this species previously* as being 
imported from the Orient under the name of Pseudoperichaeta 
roseanae, an imported parasite from Europe. Although it seems 
probable that the native species may have occasionally attacked 
the borer during the early years, no recovery of any parasite 
corresponding to the description of P. erecta has been made from 
the European corn borer in the United States since 1935. 

Gambrus ultimus (Cress.) 

Gambrus ultimus has been taken both as a primary and a sec- 
ondary parasite associated with the corn borer. It attacks the 
corn borer larva, but emerges from the pupa. It has been re- 
corded as a parasite of the corn borer only from New England, 
and chiefly from the first-generation host. It was recovered as 
a hyperparasite from the cocoons of Horogenes punctorius and, 
since the increase in concentration of the latter parasite in Massa- 
chusetts, G. ultimus has been taken in greater numbers as a para- 
site of H. punctorius than as a primary parasite of Pyrausta 
nubilalis. 
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Itoplectis conquisitor (Say) 

Itoplectus conquisitor, like Gambrus ultimus attacks the borer 
in the larval stage, but emerges from the pupa. It, too, acts as 
a secondary, as well as a primary parasite, being hyperparasitic 
on Horogenes punctorius. It is more beneficial than injurious, 
however, in that the proportion of European corn borers attacked 
by it is greater than the proportion of H. punctorius^ cocoons 
attacked. Although parasitization as high as 5 percent in borers 
from individual fields is not uncommon, the average parasitization 
over the area in which it occurs is never more than 1 percent. 
7. conquisitor has not been taken in the Lake States area as a 
parasite of the corn borer. 



Gambrus bituminosus (Cush.) 

Two specimens of this ichneumonid were reared at New Haven, 
Conn., in June 1938. The borers from which they were recovered 
were infesting cocklebur. 



Microgaster epagoges Gahan 

This braconid is parasitic on borers in the Lake States and 
in New England, but is recovered more often from borers infest- 
ing weeds than from those in corn. It attacks and kills the larval 
hosts in early instars. It has been recorded from borers infest- 
ing potatoes at East Hartford, Conn. 



Lixophaga variabilis (Coq.) 

Several puparia of this larvaevorid were taken in 1938 from 
plants infested with the European corn borer. Specimens from 
Hamden, Conn., were taken on September 2 and from Rochester, 
N. Y., early in August. 



Melanichneumon brevicinctor (Say) 

This ichneumonid attacks the host larva but emerges from the 
pupa. It has been recovered from first-generation corn borer 
pupae in New England, but has not been observed as parasitic 
on the borer in the Lake States area. 



Melanichneumon rubicundus (Cress.) 

Like Melanichneumon brevicinctor, this ichneumonid attacks 
the mature host larva and emerges from the pupa. Although it 
is found attacking the corn borer more often in New England, 
a few records show that it has been taken from single-generation 
borers in Ohio. 
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Dibrachys cavus (Walk.) 

Although Dibrachys cavus functions more often as a hyper- 
parasite on the cocoons and puparia of primary parasites of the 
corn borer, it has been recorded as a primary parasite on corn 
borer pupae. A large number of parasites usually issue from 
each host. 



Meteorus loxostege Vier. 

This braconid hibernates within the mature host larva. It has 
been reared from European corn borer larvae collected in New 
England and in Ohio, but is not common as a corn borer parasite. 

Pristomerus (Neopristomerus) melleus Cush. 

Two individuals of this species were reared from first-genera- 
tion larvae of the corn borer collected at Malden, Mass., in the 
summer of 1937. 



Miotropis clisiocampae Ashm. 

Pupae of the 1937-38 overwintering generation of corn borers 
collected in July 1938 in old corn stubble in a weedy field in 
Jerusalem Township, Lucas County, Ohio, provided large numbers 
of this chalcid parasite. It was estimated that the parasitization 
of pupae in this field by this species was about 5 percent. From 
1 European corn borer pupa a total of 202 parasites were 
obtained. 



Campoletis perdistinctus (Vier.) 

Several specimens of this ichneumonid were taken as parasites 
on first-generation larvae of the corn borer at North Haven and 
Hamden, Conn., in 1938. 

Macrocentrus robustus Mues. 

This braconid was first described from specimens reared from 
larvae of the European corn borer taken on Cape Cod, Mass., in 
1930. Since this parasite has been recovered only from Cape Cod 
and southeastern Massachusetts^ the range of the species is indi- 
cated to be very restricted or its numbers extremely scarce. Only 
a single individual issues from, a host insect, and the species has 
been reared only from second-generation borers. 

Apanteles pyralidis Mues. 

A single colony of this gregarious braconid was reared from a 
European corn borer larva collected in York Township, Steuben 
County, Ind., on October 16, 1930. 
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Enicospilus purgatus (Say) 

One individual of this species issued from a corn borer pupa 
collected in Perkins Township, Erie County, Ohio, on June 25, 

1927. 

Microbracon mellitor (Say) 

Several specimens of this species were collected at Ecorse, 
Mich., in 1928. The corn borer larvae from which they were 
reared were in the fourth instar. 

ScAMBUS PTEROPHORI (Ashm.) 

This ichneumonid has been taken in eastern Massachusetts, 
where it parasitizes the second generation of the corn borer. It 
is recovered more often from borers associated with weeds than 
from those found in corn. It has not been recorded from the 
Lake States area. 



SCAMBUS TECUMSEH Vier. 

A single individual of this species was reared from borers col- 
lected at Winchester, Mass., in 1920. 

ScAMBUS HISPAE (Harris) 

A single specimen was reared from a borer collected at Mel- 
rose, Mass., in July 1921. 

Microbracon n. sp. 

This species was reared from borers collected in August 1921 
at Lynn, Mass. 

INSECT PREDATORS 

Muir (23) points out that the more efficient insect predators 
control their host at a lower population level than do species 
having less searching ability. Predators, he said, are a more 
mobile death-factor than parasites. They attack both parasitized 
and unparasitized insects, so they do not greatly disturb the 
balance. 

From observations made in 1938 to evaluate the factors affect- 
ing the abundance of the corn borer, it was found that predators 
had caused the destruction of 17.8 percent of the eggs laid on 
corn in an area near Toledo, Ohio. In 1939 in this area the loss 
from predators was 11.0 percent. In 1938 and 1939, 31.7 and 
11.1 percent, respectively, of the eggs were classified as missing, 
but some of them may have been entirely consumed by predators. 
The predator largely responsible for the egg predation in the 
Toledo area was Ceratomegilla fuscilabris (Muls.). This cocci- 
nellid appears early in the season and is responsible for 50 percent 
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or more of the egg mortality. C. fuscilabris is also recorded as 
feeding on corn borer eggs in New Jersey. 

Hippodamia convergens Guer. and H. tridecimpunctata (L.) 
attack the eggs in the latter part of the period in which host egg 
deposition takes place. 

Both the larvae and adults of all these coccinellids have been 
noted as feeding on corn borer eggs. They are also known to 
attack small corn borer larvae, although the extent of this preda- 
tion has never been determined. 

Red spiders and chrysopid larvae have been noted as attacking 
corn borer eggs, but their value as a control factor has not been 
studied. 



BIRDS 

An account of studies on the value of birds as factors in control 
of the borer in New England has been published by Barber (i). 

In the course of numerous collections of European corn borer 
larvae in various localities, it was observed that birds seemed to 
be playing an important part in the reduction of hibernating 
borers. 

In order to study this reduction factor more exactly, a sampling 
method was tested in the spring of 1933. Twenty fields located 
at random, covering an area of 38 square miles in York Town- 
ship, Steuben County, Ind., were utilized in this study. The borer 
population averaged 6 per 100 stalks in this area. A sample 
consisted of 100 infested plants from each field, 25 infested plants 
being taken from each of the 4 quarters. The infested stalks 
were divided into two classes — ^those showing bird ‘‘pecks’" and 
those without such signs. The stalks showing bird pecks were 
utilized as the basis for determining the percentage of borer 
destruction by birds. The following data were obtained from the 
survey: Eighteen of the 20 sampled fields showed bird-pecked 
stalks ranging from 6 to 62 percent. Two fields showed no sign of 
bird-pecked plants, and 5 fields showed borer reductions above 50 
percent. The average borer reduction for the 20 fields was 30 
percent in all stalks under observation. 

A supplementary observation was made in Webster Township, 
Wood County, Ohio, using 28 fields in a 38-square mile area. All 
fields showed bird-pecked stalks and these ranged from 1 to 50 
percent, with a general average of 15 percent for the district. 
The borer population was 18 per 100 stalks in this area. It was 
noted that birds more often attacked stalks that showed consid- 
erable evidence of borer feeding (indicating an original popula- 
tion of more than one borer) than those not so badly tunneled. 
Therefore it is probable that the actual number of borers con- 
sumed by birds is greater than the averages noted above. The 
birds seen feeding on the European corn borer were as follows: 

Downy woodpecker (Dryobates pubescens medianus (Swain- 
son) ) 

Robin {T Urdus migratorius migratorius (L.) ) 

Crow {CoTvus brachyrhynchos brachyrhynchos Brehm.) 

Rusty blackbird {Euphagus carolinus (Muller)) 
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Red-winged blackbird (Agelaius phoeniceus phoeniceus (L.) ) 

Purple grackle (Quiscalus quiscula quiscula (L.) ) 

Chickadee {Penthestes atricapillus atricapillus (L.) ) 

Ring-necked pheasant (Phasianus colchicus torquatus Gme- 
lin) 

Starling {Sturnus vulgaris vulgaris L.) 

It is difficult to evaluate the role that predators play in borer 
control, particularly the predators that are active at night, such 
as rodents and predaceous beetles and their larvae, those that 
attack free-crawling larvae (either migrants or borers seeking 
entrance to the plant) , and those that attack adults. 

No predators of any kind have been imported into the United 
States for testing against the corn borer. 

DISEASE 

In the field all stages of the European corn borer seem to be 
unusually free from disease. Contrary to results noted with 
several other species of insects, this freedom from attack seems 
to hold, even under crowded conditions. 

In handling material for shipments and under laboratory en- 
vironments, a fungus disease, Beauveria bassiana (Bals) Vuill., 
occasionally causes considerable mortality. The biology of this 
organism, as related to the European corn borer, has been studied 
by Lefebvre {20, 21) and by Bartlett and Lefebvre (5) who, in 
1930, 1931, and 1932, attempted the artificial dissemination of the 
disease in New England, New York, Pennsylvania, Ohio, and 
Michigan. 

Observations in recent years in the vicinity of some of the 
points where such artificial infestation was attempted have failed 
to reveal the presence of the disease in the corn borer. So far as 
is known, no instance has been recorded of a borer being killed 
by this disease, except under circumstances traceable to artificialb^ 
imposed conditions. 

It seems evident that no lasting effect has resulted from the 
artificial dissemination of the causative organism of the disease. 

Although several other fungi have been determined as asso- 
ciated with the borer in the laboratory, no mortality in the field 
has been recorded for which such organisms were known to be 
directly responsible. 



SUMMARY 

In the course of investigations during the years 1919-40, on 
the utilization of natural enemies of the European corn borer 
{Pyrausta nubilalis (Hbn.) ) as an aid in its control, over 23 mil- 
lion larvae from Europe and 3 million from the Orient were col- 
lected and brought to the United States for rearing their natural 
enemies contained therein. Other parasites were also collected 
and forwarded to this country in the cocoon or pupal stages. 
Of 24 species included in these importations, 22 were sufficiently 
numerous to permit extensive colonization over the borer-infested 
area in this country. The number of parasites from this source 
available for colonization exceeded 2 V 2 million. This supply was 
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augmented by laboratory breeding and by domestic field collec- 
tions, the field releases from all sources during this period totaling 
almost 61/2 million adults. 

The adults were released at selected localities over the entire 
infested area where the borer was sufficiently abundant to sup- 
port a parasite population. Field surveys were maintained at 
these points to determine which species became established, and 
to obtain needed information on their biology and environmental 
requirements as an aid in increasing their distribution within 
previously colonized areas and in colonizing areas newly in- 
fested by the natural spread of the borer. The species known 
to have become permanently established in this country as a re- 
sult of these introductions are Lydella stabulans grisescens R. D., 
Horogenes punctorius (Roman), Macrocentrus gifuensis Ashm., 
Eulophus viridulus Thoms., Chelonus annulipes Wesm., and Phae- 
ogenes nigridens Wesm. 

Twenty-nine species of insects indigenous to the area infested 
by the corn borer in this country have been observed to parasitize 
the borer. None of them have been sufficiently numerous to have 
any appreciable effect on borer abundance. An extensive effort 
was made to supplement the natural occurrence of Trichogramma 
minutum Riley, which occasionally parasitizes a high percentage 
of the later portion of the second-generation eggs, by rearing a 
stock supply of parasites in the laboratory and releasing numbers 
of them when first- and second-generation eggs were present. 
Neither permanent nor appreciable temporary benefit resulted 
from these efforts. 

Although no extensive investigations have been made of the 
role and possible utility that predators can be expected to exert 
in controlling corn borer populations, birds, particularly the 
downy woodpecker (Dryobates pubescens medianus (Swainson)) 
and the red-winged blackbird (Agelaius phoeniceus phoeniceus 
(L.) ), and insect predators, particularly Ceratomegilla fuscilabris 
(Muls.) and Hippodamia convergens Guer., have been frequently 
observed removing large numbers of corn borer larvae and egg 
masses from specific fields. No predators of any kind have been 
imported into the United States for testing against the corn borer. 

Beauveria bassiana (Bals) Vuill. is the only disease organism 
that has been observed in the United States to kill the corn borer 
in the field, and then only under circumstances directly traceable 
to artificially imposed conditions. Field recoveries of this disease 
have been made immediately following its dissemination, but evi- 
dently no lasting effect has resulted from efforts to establish it 
as a natural control of the European corn borer. 
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